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Forward

In March of 1979, the U.S. Army Corps of Engineers, New England Divi-
sion, completed preliminary economic analysis for several tidal power
alternatives at Cobscook Bay, Maine. The report contained conventional
benefit-to-cost analysis based on Federal Energy Regulatory Commission power
values, as well as an innovative dynamic benefit-to-cost analysis based on
trelative price shift analysis." Relative price shift analysis comsiders
differential price changes among commodities without including the effect
of general inflation.

Since relative price shift analysis had never been used by the Federal
Government prior to that report, the Corps was concerned about the theoreti-
cal acceptability of the concept. In an attempt to ascertain the feelings
of the academic and industrial community with respect to the method, the
Corps entered into a contract with the University of Maine, Project on
Balanced Growth, to conduct a conference on Relative Price Shift Analysis
for Public Power Projects. ’

This report, compiled at the University of Maine, Orono, under the direc-

_tion of Professor Arthur M. Johnson, summarizes the results of a Symposium
conducted at Portland, Maine, on 27 November 1979.

The findings of the conference were not definitive. Generally, it was
agreed by most panelists that relative price shift analysis was an improve-
ment over conventional analysis, but due to the complexity of projecting
fuel cost, environmental costs, social costs and technological displace-

ment, the method should be applied with a great deal of caution.
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Introduction ‘

The era of cheap energy based on petroleum has come to an end in the
United States. This fact has had major repercussions on the American
economy nationally and on New England's in particular, since this region
has depended heavily on imported foreign oil to power its factories and
electric generating plants, and to heat its homes. The search for alter-
native sources of energy has gathered momentum as the price of petroleum
has escalated. Among the relatively unique electrical emergy alternatives
available to New England is tidal power. Interest in this source of energy
goes back to 1919 when Dexter P. Cooper, an eminent engineer of the day,
first envisioned a project, to the mid-1930's when an all-United States
tidal power project was initiated by Franklin D. Roosevelt's New Deal, util-
izing Cobscook Bay. Given the low price of other energy sources at that
time, the Passamaquoddy project, as it was known, was not perceived as an
economic one and was abandoned in its early stages. A similar conclusion
was reached in.1961 regarding a large-scale international project which in-
volved both Cobscook (U.S.) and Passamaquoddy (Canadian) Bays. Not until
the recent past did the economics of energy appear to be shifting sufficient-
ly to suggest a possibility that a project of this type might now be justi-
fied. The new study of this possibility by the U.S. Army Corps of Engineers
was confined to an all-United States project based on Cobscook Bay in the
vicinity of Eastport, Maine.

How to evaluate a public power project from an economic standpoint is
a crucial question. Clearly, the earlier Cobscook Bay and Passamaquoddy

Bay projects would, from today's perspective, have been more than economi-




cally justified. But decisions to build.themzhad fé be made at that time,
not foréy yeafs later: The U.S. Army“Corpé o% Engineers, which is charged
by law with evaluating projects of'this kind,:must reach decisions on pub-
lic-Capital inﬁes&ments that have a life expeélancy of 30 to iOO years.,
Basically, its approach has been to relate prajected benefits to projected
costs. ' Obviously, decisions based on current prices may produce misleading
results; espéciaf]y when the economy is experiencing double-digit inflatiop.

One approach has been to look at the benefit-cost relationship over the life

i : ‘

of fhe proiject--the séicalled ""conventional" economic analysis. powever, VS~
ing thié approach with'current prices.and notstaking into account the fact
that coﬁpeting forms of energy may over the lgng run change in piice at dif-
fefentjrates can also produce misleading resuf£s. The basic problem, in
other words, is that sunk constructidn costs of a power project are incurred
in the short term, but the benefits are only realized over the long run.

To take accohnt of these variables, the ﬁ.S. Army Corps of Engineers;
New Engiand Division, adopted a refined life éycle analysis method known as
"relative price shift'" analysis to evaluate the C&bscook Bay tidal power
proposal. Relative pfice shift analysis excludes general inflation which
is inherent to "life éycle analysis". Althouéh the results of this study
as of mid-1979 did nof‘economically justify the undertaking, the New England
Division was anxious to obtain an objective aﬁd schoiarly evaluation of the
validity of the methoéblogy employed. Since the University of Maine at
Orono had been involved in organizing. and éonéucting_several'publié partici-
pation programs for the Division,_it was asked; through the Project on Bal-
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anced Growth -for Maine, to organize a symposium on relative price shift




analysis featuring short papers by academic, industry and government ex-
perts. .Subsequently, the Maine State Planning Office and the Maine Office
of Energy Resources joined in sponsoring the symposium.

A meeting of interested parties in Augusta, Maine, in mid-October 1979,
planned the symposium, which was scheduled for November 27, 1979, at the
Center for Research and Advanced Study at the University of Southern Maine.
At the steering committee meeting, it was agreed that emphasis would be
placed on methodology, ‘niot its application to a specific situation ;@Eg 99?‘
scook Bay. The subjects of the papers that constitute the bulk of this re-
port were identified and agreement was reached on those qualified to prepare
them.

Philip C. Hastings, Research Engineer for the Central Maine Power Com-
pany, was asked to prepare a paper on economic considerations involved in
the evaluation of hydroelectric projects. His paper focused on the impor-
tance of the assumptions used and the procedures employed, and he differen-
tiated between large and small projects.

The next paper, by Charles Colgan of the Maine State Planning Office,
examined the question of how comparisons should be structured for relative
price shift purposes-and pointed out some of the difficulties in doing this
properly. For example: What are realistic alternatives? How well can we
forecast future oil prices? How do we assess the impact of new technologies
and compare them with known technologies? He also pointed out that environ-
mental impacts had to be considered in assessing the real cost of a project.

The third paper, by Professor Lawrence G. Hines of Dartmouth College,

addressed the issue of how the benefit-cost ratio might be affected by (1)

the choice of alternatives with which to compare a project under consider-




atiﬁﬁ, or by (2) the inclusion of ancillary benefits,.such as recreational
boafing to producé a stronger benefit-to-cost ratio. -«

The fourth paper, By William H. Beardsley, assistant to the President
ofrthe Bangor Hydro-E{ectric Cbmpany, dealt ‘with various theoretical and
real probkems of applying relative price shift analysis. W¥hile endorsing
the approach, he identifiéd some of the variables that have to be handled
carefully, such as the discount rate applieg to_publi; as compared to pfi-
vate investment in comparable facilities. He noted the difficulties of
forecasting price shifts three decades out, the possibilities of new tech-
nologies affecting the future energy situation, and the like. 1In his view,
while the relative price shift:approach is théoretically sound, it is only
one way of evaluating power préjects and--for the reasons stated--is probably
more valid for the shorter run: say 30 years, than for:the entire life of 2
hydroelectric project. '

Gerald G. Dawbin of the Maine State'eweR&y Office continued the eval-

i

uation of relative price shift methodology by stressing the important of se-
lecting realistic alternatives in evaluating a power pfoject.and argued that
the most aﬁpropriate comparisoﬁ for a tidal ﬁower project would be the oil
that it displaced for electrical generation.

Dr. Normand Laberge contributed a.paper onllife—cycle cost anaiysis
versus relative price shift, drawihg on the small-scale Half-Moon Cove tidél
project as a case in point. His‘relatively technical presentation was es-
peciallf concerned with the impact of'inflation on p?bject evaluations.

Professor A. Myrick Freeman III of Bowdoin Collegé addressed the ques-

tion of establishing an appropriate discount rate in evaluating public power
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projects. He argued that the appropriate rate for federally funded projects

should not be an arbitrary figure made possible by the unique financial posi-
tion of the government; instead, it should be the real opportunity cost of
private investment. The discount rate, as he saw it, should include a risk
premium but no inflationary premium.

Professor William D..Shipman of Bowdoin College concluded the panel
presentation with a paper on identification of the appropriate measure of
benefits in evaluating tidal power in Cobscook Bay. He ruled out inclusion
of "capacity" benefits, since the single-pool tidal power system proposed
does not constitute "dependable'" power in the sense that a two-pool system
or other alternatives do. In assessing the energy benefits of Cobscook tid-
al power, Professor Shipman, like Mr. Dawbin, argued that realistically the
alternative in New England is electricity generated with OPEC oil.

After a short break, discussion of these papers from the floor and among
the panelists was encouraged, with Dr. Arthur M. Joﬁnson, University of Maine
at Orono, acting as Moderator. The report of Sharon Graves Floyd, who acted
as recorder of the discussion along with Wayne Oliver of the New England
Regional Commission, follows the panelists' papers.

The symposium meeting adjourned at 5:00 PM and was followed by an in-
formal post-symposium evaluation session. The consensus of the panelists
and representatives of the U.S. Army Corps of Engineers waé that the papers
had addressed meaningful questions, and, considering the amount of time
available to prepare them, had contributed importantly to understanding the
strengths and weaknesses of the methodology. The net conclusion appeared

to be that relative price shift analysis has much to recommend it over




present static echomic evaluation procedures. However, it is only one of
several methodologies that should be applied and, like all methodologies,

the results are significantly affected'by what is included and how it is
included. The panelists contributed significantly to identifying these
specific elements, and the sponsors of the symposium are especially grgte-
ful for these insights, pfovided on short notice to meet a real need. The
cooperation of the University of Southern Maine and the New England Division,

U.S. Army Corps of Engineers, was also important to the success of the sym-

posium.

Arthur M. Johnson, Director
Project on Balanced Growth for Maine
University of Maine at Orono
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Background Information

This segtion is made up of two briefing documents éiven to the Univer-
sity of Maine by the Corps of Engineers for distribution to the panelists
prior to the preparation of their papers for the conference.

The first entitled 'Background Material" is a very brief summary of
various aspects and methods used for conducting economic analysis of the
Cobscook Bay Tidal Power Project. The second document entitled "Relative
Price Shift Analysis" is a reprint of Chapter 4 of a report entitled "Tidal
Power Study, Cobécook Bay, Maine - Preliminary Report on the Economic Analy-
sis of the Project' March 1979. This presents a more dgtailed explanation

of "relative price shift analysis".




Tidal Power Study
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’ BACKGROUND MATERIAL

for discussions on the
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September 1979
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THE.ALTERNATIVE COST PRINCIPLE

The justification for authorization of élﬁ.éo;ps of Engineers:
pfojectSzis;meaéhred in terms: of the benefit to cost: ratio.. - The:
economic analysis, which:. defines the economic: worth. of the: project,.
is based: on. standards. prescribed by the Water: Resource Council: in
the Principleseaﬁd;Standardéafor Planning Water and Related! Land’

Resources.,

Power benefits are- measured: by the: cost of power from: the most
Iikely"alteénative=sburce:Gthe most feasible privately financed.
equivalent alternative source in this' case). Unit power values
(benefits) fbr:capacitx'andkenergyfareffurn{shed'by'the%FéderaI
Energy‘Regulhtory'Coﬁmissfon:@formerly Fedéﬁ?r Power' Commission)
whichsﬁas usedrthis.brinciplerfor many years: (the: Bureaw of Recla-
mation. switched to this principle in 1952 ; benefits. used to- be
ca¥culated’ as expected revenues collected). ‘waaver; it has' not
used: the: same- interest and: tax charges in: calculating the  cost of
the private alternative as it has applied to the cost of Federal
power.. Since the Go§ernment interest rate %s;lower'than'the‘private
interest rate,. the gomparison is biased in favor“of‘pubeC'power
and overstates benefits. The lower Federal:interest'rate is‘parfly

due. to the fact that“Government bonds do noé reflect the risk.

involved in power projects.
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THE ALTERNATIVE COST PRINCIPLE (Continued)

The objective is to ascertain whether the growth of power
output is|being accomplisheé in the most efficient manner, using
the least amount of the nation's resources. The alternative cost
principle assists in achieving this, for if benefits are limited
by the cost of the most likely alternative, a benefit-cost ratio
great;r than one can only occur if the cost of the project is
smaller than the cost of the alternative. The degree to which the
benefit-to~cost ratio exceeds unity indicates the relative advantage
of the project over its altermative.

The use of alternative cost as a measure of benefit does not
imply that all projects with ratios greater than one should be
undertaken. In addition, the alternative cost principle is only

applied if it is clearly established that the increased amount of

power can be sold at the going rate structure.
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CONVENTIONAI, METHOD

The conventional benefit-to-cost ratiO‘Calculéted by the
Corps of Engineers takes account of total costs throughout the
life of a project, i.e. major equipment replacement,‘maintgngnce,
operation, overhaul, etc. However, in computing the costs of a

hydroelectric facility and its most likely alternative for power

costs and benefits, actual current prices are used,

Thus, the benefit is equal to the present cost of construct-
ing the alternative additional generatiné qapacity and the cost of
producing energy'erm the alternative plant. This benefit is aﬁ
annual benefit which is assumed to recur in ar equal amount in
every year of the economic life of the project. No allowance is
made for future'chaéges in real cost or, for that matter, in the
reality of technological change whereby th% alternative cost becomes
smaller., Also, other alternatives based oﬁ'new technology could
become feasible during the life of the hydroelectriec project.

Since conventional procedure assumes no change at all, except

to remain constant, it could bilas the benefits up or down depending

on future developments.

i



LIFE CYCLE METHOD

Life cycle costing varies from the conventional methodology
utilized by the Corps in that it requires explicit projection of
variable unit costs and operating factors for both the public
project and its altermative into the future. While its theoretical
rationale is apparent, failure to apply it in the evaluation of hydro-
electric projects did not become an important issue until develop-
ments in recent years resulted in Susstantial increases in fuel
cost which constitute a major portion of thermal electrical genera-
tion costs. Using projected future costs in power value analysis
does inject more realism into the process of economic evaluation.

It, of course, also fntroduces assumption and uncertainty.

Life cycle analysis is essentially the same as traditional
B/C analysis. The difference lies in the fact that life cycle analysis
allows for inflation. Theory holds that allowance must be made in
the cost analysis process to account for the decreased purchasing
capacity of capital with the passage of time. This decrease in
value is what we commonly term inflation. In such studies, a
blend of present and future costs is achieved in order to compute
a total cost of ownership over time. This process permits comparison
between project systems having different variable purchase, mainte-

nance, operation, and replacement costs.
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LIFE CYCLE METHOD (Continued)

The major variable cost for a thermal plant is for fuel,
whose costs, in response to a variety of environmental, safety,
economic and marketing forces, have in the past several years
risen much more rapidly than the general price level. Further-
more, costs for ail three of the major fossil fuels, i.e. coai,
natural gas and petroleum, are still in a dynamic phase where
they may movﬁ either in an upward or a downward direction in the
long run. To conduct-iife cycle analysis, we must develop an
analytical basis for ﬁ}ojecting changes in thé variable coéts of
hydro plant and thermal alternatives and the cost of replacement
plant.

Also, if benefits and costs are to be stated in prices of
the peried in which each in incurred, then a discount factor that
fully compensateS'fof:the rate of inflation should be used.
Furthermore, to the extent that life cylce analysis includes
general inflation in the escalation rates, it is not in accordance

with the Water Resource Council's Principles and Standards.




RELATIVE PRICE SHIFT ANALYSIS

A refinement of the life cycle methodology focuses upon relative

| 1

i .

price shifts (net of general inflation) among various commodities
employed in the generation of power. Relative price shift analysis
goes beyond a static benefit-to-cost comparison by considering changes
in underlying price relationships that might occur over the life of the
project. Real price changes, net of general inflation, are used. The
use of relative price shifts 1is discussed in the Water Resources Council
"Egtablishment of Principles and Standards for Planning" (pages 10 and '11).

"When prices are used in evaluation they

should reflect the real exchange values expect-

ed to prevail over the period of analysis.

For this purpose, relative price relation-

ships and the general level of prices prevail-

ing during the planning study will be assumed

to hold generally for the future, except

where specific studies and considerations

indicate otherwise."

The focus on real price relationships is important. The basic
rationale for this approach is as follows: the monetary value of any
good is ultimately valued in reference to other goods (goods refer to
all things of value - i.e. labor, material goods) available in the
market place. If all goods inflated at the same rate, then in effect
their value would not be altered. By concentrating on relative price

changes, we are considering fundamental changes in the valuation of

a single’ good.
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RELATIVE PRICE) SHIFT ANALYSIS! (Continued)

Ihithe»utﬁIiZation=6ffréBativeﬁprfce shift methodology:,. i§ £s;
necessary to discount benefﬁt‘and:cost flows at: rates. whichi exclude.
the premium: agssociated with: inflationary expectations. Since- the:
relative price shift methodology states benefits: and costs: in
- current. prices: with only real economic value changes. considered,
then a discopntirate-contaihing;no.ianationary=prémfumeis apprepriate..

Relative price shift analysis is used in order to fully quantify
thEEbénefit:resultingfffom=power generation with a renewable resource..

The price: for any good cam change relative to the general level of

¥

prices, therefore,in an era of continued inflation the need to. focus

price shifts among cofmodities gains in importance. The utilization of
4

relative price shift ﬁethodology elicits the economic energy bBenefit

associated with tidal power much more clearly.

I
§
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RELATIVE PRICE SHIFT ANALYSIS

U.S. Army Engineer Division, New England
424 Trapelo Road
Waltham, Massachusetts 02154
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This document is Chapter 4 of the

report entitled "Tidal Power Study,

Cobscook Bay, Maine Preliminary

Report on the Economic Analysis of

the Project"” March 1979. It explains
how relative price shift analysis was
accomplished for that study as well
as how life cycle .analysis had been
conducted in prior studies.
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Relative Price Shift Analysis

A.

Introduction

In September of 1976 Governor Longley of Maine requested that
the New Edgland Division evaluate Passamaquoddy tidal power on
the basis of life cycle cost analysis. The following technical
definition explaining life cycle costing has been extracted
from the General Provisions of Armed Services Regulation dated
21 May 1976: °

"The 1life cycle cost of a system or item of equipment
is the total cost to the Government of acquisition

and owmership of that gystem or item of equipment over
its full 1life. It includes the cost of development,
acquisition, operation, support and where applicable,
diaposal. Since the cost of operating and supporting
the system or equipment over its useful life is
substantial and, in many cases, greater than the
acquisition cost, it 1is easential that such costsc be
considered in development and acquisition decisions in
order that proper consideration can be given to those
systems or equipment that will result in the lowest
1life cycle cost tc the Government."

The conventional benefit-to~cost ratio calculated by the Corps
of Engineers takes account of total costs throughout the life of
the project - i.e. maintenance, operation, rehabilitation, in
today's prices. Life cycle costing varies from the traditional
methodology utilized by the Corps in evaluating water résource
projects by projecting unit-cost prices into the future.

Preliminary Life Cycle Cost Analysis

In response to the Govermor's request the Corps of Engineers
performed a preliminary life cycle cost analysis, beginning

in late 1976 and extending into 1977, on the 500MW intermational
Passamaquoddy project. The analysis employed a computer model
for 1life.cycle cost atudies based upon the model described in
Chapter VI of tuae U.5. Department of Commerce, National Techni-
cal Information Sarvice Report AD/A-018 dated July 1975, eatitled
"Hydroelectric Power Potential at Corps of Engineers Projects."
The Federal Power Commission {now the Federal Emergy Regulatory
Commission, FERC) utilizing the model furnished the necessary
expertise and analysis. :
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In applying the computer model the 500 MW international tidal
power project was compared to its most probable alternative ag
determined by the Federal Power Commission, a combined cycle plant.
The model allowed escalation. rates for five cost variables - -aperation
and maintenance, generating plant, substation, transmission lines, and
fuel; to be input. Annial escalation rates. of 3 5, and 7 percent
were selected to reflect a range of inereases in costs and were.
applied to each of the five variables. Utilizihg this input the
information on the escalation of the annual cost of the tidal preject
and its alternative as a function of time, presented in figures 1, 2,
and 3, was derived. These figures are based upon a project life of
100 years for the 500 MW intermational Passamaquoddy tidal. power
project and the assumption that the project went. on. line in June 1976
with annual costs of $121,121,000 and production of 1,932,000,000
kwh/year. For comparison purposes, both the alternative and the tidal
power project were assumed to be financed at 6-3/8%.

In escalating power benefits (the: alternative’s cost) and project
costs, the former increase at a more rapid rate,in this analysis. The
principal reasons for this are: (1) the change, in the depreciation
rate of the alternative plant; and (2) the reliance of the alternative
upon a fuel which increases. in price as it becomes increasingly scarce.

The sharp jumps in the curves (figures 1-3) associated with
the alternative project result from the shorter. life span of the
alternative vis a vis the tidal project. This shorter life results in
a change in the fixed depreciation charge needed to cover the bpitiel
cost of the thermal project whose cost is increasing by (1+1)
each replacement, where i 1s the escalation rate and 30 is the life of
the alternative. Due to the escalation in costs assumed to take place
every year, the cost of building the combined cycle plant. increases
with each installation, and therefore the depreciation charge
increases. ot

Figure 4 displays the impact of the various escalation rates upon:
the benefit to cost ratio of the project, and it is apparent: that
under the method employed im this study an escalation rate of approxi~
mately four percent is required for the project to reach a break-even
level over its life time. )

Line projections for annual power benefits, and costs interSebt
after a period of project operation and the benefit/cost ratio for .
that point is 1.0. The following indicates the year of this 1nter—

section for each escalation rate: , R
Escalation Rate ’ Year BCR = 1.0
32 31
5% 20
7% 15

.20 : .
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TABLE 1

Life-Cycle Analysis of
500 MW International Tidal Power Project
(Both Plants Pinanced at 6-3/8X)

Total Present Annual Cost Leveld zed Life Cycle
Es:alation Worth (6-3/8% (Using CRF - Cost ~ B/C Ratio
Interstate Rate Plant Type Discount Rate) 100 Yrs. 6-3/8% (Mills/KWH) (Power Benefits) ’

6-3/8% k4 Alternative $1,491,758,000 $ 95,294,000 49.3

. . .76
6-3/82 k ¥ 4 Tidal 1,958,832,000 125,130,000 64.8
6-3/8% ' 5% Alternative  2,731,104,000 174,463,000 90: 3

. 1.32
6-3/8X 5% Tidal 2,072,210,000 132,373,000 68.5
6-3/8% b2 4 Alternative 6,531,940,000 417,260,000 216.0

2.70

6-3/82 X Tidal 2,420,867,000 154,645,000 80.0
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After the intersection point the project begins to accrue net
benefits, but as indicated by the benefit to cost ratio for an
escalation rate orf 3 percent in table 1, these net benefits may not
coupensate for the net losses experienced prior to the intersection
point.

On the basis of this preliminary report, submitted to OCE in
1978, NED was authorized to proceed with the Plan of Study while
revising the initial life cycle cost analysis. In particular, the
use of escalation factors including general inflation and applied
across all project features, as was done in the preliminary life

-eycle analysis, was found not to be in accordance with existing

regulations and needed refinement. The authorizing document pointed

out that while the inclusion of general fnflation 1is not valid in
economic analysis under the Principles and Guidelines set by the Water
Resources Council, the use of relative price changes is. The reasoning
behind this will be discussed in the following section.

C. Relative Price Shift Analysis

Methodology.

Relative price shift analysis goes beyond a static benefit to
cost comparison by considering changes in underlying (real) price
relationships that might occur over the life of the project. (The
term ‘relarive price shift’ will be used in place of ‘life cycle
costing’ throughout this report. This term is felt to be more
descriptive of the aneysis performed.) The use of relative price
shifts is discussed in the Water Resources Council "Establishment
of Principles and Stanlards for Planning" (pages 10 and il):

"When prices ire used in evaluation they should
reflact the r:al exchange values expected to
prevail over :the period of analysis. For this
purpose, relazive price relationships and the
genzaral level of prices prevailing during the
planning study will be assumed to hold generally
for the future, except where specific studies
and considerations indicate otherwise."

The focus on real price relationships, net of general inflation,
is important. Tne basic rationale for this epproach is as follows:
the monezary value of any good is uitimately valued in reference to
nther gon:i~ fgoods rafer to all things of value - {.e. labor, material
200ds) aveilile ia the saarket place. 1If all goods inflated at the
same rate, then in ertect their value would not be altered. DBy con-
centraiing o.. raeiative price changes, we are considering fundamental
changes ir t'w v.luestica of that good. (In reality, however, inilation
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is not so evenhanded, since many things, i.e. fixed pensions, debts,
are not altered by inflation. Thus, there is always some distortion
involved in the valuation of certain goods. )

i
. Discount Rate B

In the utilization of relative price shift methodology it is
necessary to discount benefit and cost flows at rates which exclude . &
the premium associated with inflationary expectations. Charles W,
Howe in his book for the Water Resource Monograph Series entitled
"Benefit-Cost Analysis for Water System Planning" discusses this :
rather complex problem in a very easy to understand way:

"Consider a project having an initial construition cost of
CO and a sequence of annual benefits and cost of Bl'

CI; Bz, C2; e} Bn, Cn' Let us suppose that!
these benefits and costs have been computed in terms of
construction period prices. Let i be the discount rate that
would be applicable in the face of steady prices. Then the
present value of net .benefits is given by

PVNB = =C. + (B - C) + (B + oe. + (Bi - C.) (AY)
~~ O + 1% ;’% (? +19“

Now suppose that a rate of general inflation of 1 ﬁer year exists.

Two things will happen: (1)} the B_ and C_ values will increase

over time above the values given in equation Al, and (2) the discount
rate is likely to incorporate an inflationary premium (i.e., interest .
rates will increase to protect lenders from a IOSb”Of purchasing power
on the funds they lend). The latter will certainly occur 1f the
discount rate is derived from the market rates of ,interest. Let this
discount rate be designated r. ‘Then the present value of net henefits
as calculated becomes ' af

PV = ~Co+ (B) - C)(1+ i) +...+ (B -¢C (1 + 1)B (A2)
(1 + r) '(E + r)

§

.d_-

qtnoe the inflationary premium in the discount rate is such that

(1 r) = {1 + i)(1 + i) when the market rates of interest fully

compenbate for inflation, equation A2 can be rewrltren as
l

PV = =Gy + (By = C (1 4 i) + .u. + (B = C )l + £)P (A3)
O —— : —T1) o)
(} + i}(l + 1) (1 +0)™(1 + 17

b -

Clazvly, the inflitionary terms cancel out, and we’ are left with the

same expression as that in‘'equatcion Al.

T L A

H

3
Y

Thus we ciacude fgat; in the case of general;inflartnn, it makes
no ciffervence whether we usd (1) Benefits and costs all stared in

I

J . <
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construction period prices and a discount rate containing no infla-
tionary premium, or (2) benefits and costs in the prices of the period
in which each is incurred and a discount factor that fully coupensates
for the rate of inflation."*

Since the relative price shift methodology states benefits
and costs in current prices with only real economic value changes
considered, Howe's analysis leads to a discount rate-containing no
inflationary premium as being appropriete for this analysis.

The determination of inflation free discount rates for the
privately financed alternative and the Federally financed project is,
however, very difficult. This difficulty is cowmplicated by the lack
of real understanding as to the exact nature of the Federal discount
rate selected by the Water Resources Council,

In general the determination of interest rates? should consist
of three factors: (1) the risk-free, inflation-free interest rate;
(2) the risk premium associated with each encicy as an on-going
concern (i.e. business and financial risk); and (3) any additional
rigk premium assocliated with the construction of a given project (a
function of the covariance of the risk between the project and the
firn’s existing portfolio of projects). It is worth noting that while
(1) would be the same for both the government and the private corpora-
tion, (2) would be larger for the private corporation, while (3)
might be greater for the government depending on the covariance.3

1Charles W. Howe, Benefit-Cost Analysis for Water System
Planning, Water Resour:e Monograph Series, no. 2 (Washington, D.C.:
american Geophysical Uaion, 1971), pp. 80-81.

2mis discussion >f the interest rate will be on a very general
level. For a thoroug! discussion of the choice of a discount rate for

analysis see:

a. Otto Eckstein. Water Resource Development - The
Economics of Project Evaluation. (Cambridge: Harvard University
Press, 1958) Crnapter IV "The Benefit-Cost Criterion, continued" pgs
81-109.

L. Sutcommittee on Evaluation Standards. 'Proposed
Practi~~ fur Tcowsi o Analytis of River Basin Projects" pgs. 22-24.

jAccording to Sckstein., " The most important risks of the power
program as a whole zre that the technology will make the plants
¢ osclete, that econvmic development will siow down or will take a turn
which will not require as much power as anticipated, and finally that
reriorr depressicns may reduce the demand” pg. 82.
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.-For the privately financed alternative it can be presuméd that
the measure of the Opportunity cost is similar to the return /on the
firm’s financial. 1nstruments., It is generally;accepted that/ the

. market rates of- interest of various securities. contain inflationary

premiuns. By computing the cost of obtaining funds. subtracting the
premium associated with inflation, and adding in any additional ‘rigk
premium associatad with: the construction of a given project, the
appropriate discount rate for this analysis could be determined.
. ' -l

For the. government discount rate the- proce8§ is’ ot as simple. .
The factors which .determine the government raté-are not easily verifi-’
able, but the existing rate is either: (1) theerate associated with
the government securities in the marketplace, (2) ‘the opportunity cost
of capital to government, or (3) the social rate of ‘time preference.
The first of these is self evident and easily measureable. The - _
opportunity cost ''can only be estimated by tracfng the capital to its
saurce and by discovering its value in the use’ to which’ it would be

put in the absence of the public project. Sinoe the money ie actually

raised by taxation, the incidence of the marginal taxes necessitated
by a.project must be assigned to various businesses and households.
Specific dincreases (or forestalled reductions)*of taxes must be
assumed and assumptions about the incidence of these taxes must be
made. Once the tax money is trace? to its source, fts value in the
alternative use can be estimared " .

g0

. The social rate of time preference is baaed upon "social’ policy, .

as derived.from the political process,, [which]“may prefer [the] rejec~

- tion of ‘present inter: amporal praferences in favor of a redistribution’

of income towards futute generations. . . . It<is not logically
inconsistent: for the same person to be willingito borrow at high
interest rates to incxease his present consumption while voting to
spend tax money to bu:ld a project from which future generations will
benefit, for in the ccse of a vote to tax, he can be sure that the .
other individuals in the society will be compelled to act similarly.
Also, . the distributior of voting gower differs? from the distribution
of econoumic power.in the market, 3
v ,

The difficulty in determining the inflatied free rate, as was
discussed in the case of the privately financed alternative, thus
becomes much more complex in the case of the Federally financed tidal

. plant.. A cursory analysis by a contractor to NED calculated inflation

free discount rates of 11% to 12% for a representative the private
utility and 3% to 5% for the Federal Governmentg‘the latter being based
upon the opportunity cost of capital. These rates are very preliminary

“aud are presentaa ilo. 1ntcrmational purposes only.

' tw
3 LA

1Eckstein, Otto. Water Resource Developmént — The Economics of

*F P
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The above discussion of discount rates presented some of the
theoretical questions involved in this analysis. However, current
policy directives are specific.

The "Principles and Standards" of the Water Resources Council
mandates

"The discount rate will be established in accordance
with the concept that the Government’'s investment
decisions are related to the cost of Federal borrowing"

and it is currently set at 6-7/8%. There is no alteration of this

rate pernitted. This may result in a limited change in the impact of
relative price increases upon benefit to cost analysis since benefits
and costs will most likely be discounted at rates different from those
that would be theoretically valid.

b, Price Shifts

Relative price shift analysis is utilized in order to fully
quantify the benefits resulting from power generation with a renewable
resource. The price for any good can change relative to the general
level of prices. Potential shifts, both negative and positive, can
occur in the following project related areas: fossil fuel costs; cost
of building the tidal project and the alternative plant; cperation and
maintenance (0&M) costs; cost of transmission lines and substations,
and land costs. Although any price can shift, che direction and
amount of any price shift can rarely be determined. Each of the items
mentioned above is discussed below, however the base case analysis
will focus upon the relative price shifts of the fossil fuel input to
the thermal alternative - oil. Other relative price shifts will be
examined as a sensitivity analysis.

(1) Fossil Fuels. The fuel costs for the alternative to
the proposed tidal project will probably continue to rise more rapidly
than the rate of general inflation. This paraceter, an important
difference between the proposed project and its alternmative, is
difficult to project due the myriad of variables which need to be
considerad, ranging from the development of new technologies to the
political climate among the Organization of Petroleum Exporting
Countries {(OPEC). g

Leny run increasés .n the relative price of fossil fuels would
tend to be dampened by three major factors. One, as the relative
prices of existing forms of fossil fuels increase, prices would be
reached at which .xisting technologies — e.g. shale oil recovery,
would hecome economically feasible. In a market econoumy a substitu-
tizn cffect would occur given that the cross—elasticity of demaud is
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“. Price projections are broken into two time periods: (1) escalation

kigh ia the long run for the production of electt;city'from alterna-
tive energy sources and therefore the demand for existing foseil fuels
as energy inputs would be transferred to other forms of energy. With
demand reduced, given a competitive market economy (this would be
-approached given a long enough time period), price increases would
slow. Two, over time, new technologies for energy production -~ i.e.
fusion power, would become available. These forms.of energy, when ‘
avajlable, would then become econcmically feasible at a certain price : .
and would also dampen further price rises among fossil fuels. Three,
as the price of energy production rises relative to other goods, the
rate of growth in the demand for all energy forms would be reduced ‘ . : =
below that which would otherwise be experienced., This factoer although
larger in the long run would remain small overall due to the low price
elasticity of demand for emergy. The combination of these factors
would alleviate some of the upward pressure on prices.
Due to. the uncertainties involved in energy price projection and
forecasting of the development of alternative energy sources, relative
price shifts for fossil fuels are be limited to one lifetime of the
thermal alternative ~ to. the year 2023. It is assumed that by this
time price increases will be mitigated by technologic developments.

from the present to 1994, when the project comes on line; and (2) from
1994 to 2023, over the first life of the altermative. In addition
three rates are utilized for sensitivity reasons - a low rate, &
middle and most likely rate, and a high rate. '

. NED did not perfurm an in-depth analysis of potential price
increases In the rate of fossil fuel at this stage of anzlysis due to
the large number of puslished studies already available. The studies
which were employed fco this analysis include: figures generated
utilizing the Department-of Energy’s P.I.E.S. model; a small contract
_to Meta Systems for a literature search; the Reassessment of Fundy
Tidal Power - Reports of the Bay of Fundy Tidal Power Review Board and
Managment Committee, November 1977; and a study performed for the
Electric Power Research Institute. These studies are not documented
in detail but rather their basic results are presented with the reader
referenced to the background document for further details.

Historical background to the increase in o0il prices recently
- experienced is given in the Reassessment of Fundy Tidal Power. pgs.
241-243.

"The world o0il murke: has been subject to major changes

in recent years. During the 1960’s world production of

crude petroleum mere than doubled at declining rezal

prices. In 1971, for example, the wellhead price of =
crude oil in the U.S.A. was slightly below the wellhead




price in 1961, measured in constant dollar values
(actual price adjusted for the wholesale price index for
industrial commodities). The real market price of crude
01l exported by members of the 0il Producing and
Exporting Countries (OPEC) declined by nearly 25 per
cent over the same period {(actual price in dollars
adjusted for the price of exports from industrialized
countries).

The aggressive market intervention by OPEC in the early
1970°s resulted in a tremendous increase in the price of
internationally-traded oil. Over the period 197} to
1974, the job market price of oil exported from OPEC
countries increased by 475 per cent in current prices
and by more than 300 per cent in prices adjusted for the
price of exports from industrialized countries. Prices
of crude oil from other sources followed the export
prices from OPEC countries with various time lags and by
varying, but substantial, rates of increase.

This sudden increase in the price of crude oil,
generally considered as the reference price for all
energy commodities, reverberated throughout the energy
sector. The effects on production and consumption
patterns are still not very clear, primarily because it
is impossible to separate the effects resulting from
this price increase from effects of the serious economic
recession experienced by the leading industrial
countries in recent ydars.

The intermediate and long~term cutlook with respect to
c¢rude oil prices is clouded by uncertainty and is the
subject of much speculation. The proven reserves of
crude oil as of January 1, 1976 were about 660 billion
barrels, of which more than half was located in the
Middle East. These reserves are sufficient to cover 34

" years of consumption at the level of 1976, but would
provide for only 19 years if consumption were to
increase annually by 6.2 per cent as it did over the
period 1965-1975., However, additional oil reserves will °
be discovered and the higher prices that now prevail
will encourage additional recovery from known
reservoirs."

(a) The Depsrtment of Energy utilizing the P.I1.E.”s model
has made some fossil fuel price projections over a short time horizon.
DOE projections from 1976 to 1990 are that annual real rates of price
increase of 0% ard 5% are equally likely. These projections demon-
strate the type of impact that an increase in the price of an energy
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input can have on the demand for that imput. Table .3; of the "Ekecu‘
tive Date Summary" of DOE‘e PIES Model Report, entitled United States
Total Gross Supply/Consumption of Energy Resources - BTU Gtowth‘pites
from 1975 (with natural gas regulation), projects the following annual
BTU growth rates for the consumption of oil: Co '

*
M

Increase In the Price of " Year Annual BTU Growth Rate
imported 0il (Percent) ‘ ¢ (Quadrillfions)
‘Zero (Se;ies Ci ‘ 1985 ‘ 3‘ 3.06
| ‘ 1990 Y &
Five (Se?ies Fj *. 1985 ‘ ; 2.1
1990 | - 1“.38

W
L]

As the time horizon lengthéns and the price increases at a faster =
rate, demand growth, in this cdse, is significantly muted.

(b) Meta Systems extracted the"sefbmbf'BIQjéctioﬁb from
cited literature detailed in Table 2. . -

‘ . N :
(¢c) The Bay of Fundy Tidal Power Review Board and Management
Committee concluded: ‘ : ; '
"Weighing the considerations summarized in théipreceding
discussion, the following projections were adopted for the purpose of
this study. : . _— :

= Until 1990, the assumed first year of operatioh of a tidal
power project, international crude oil prices, in constant dollars,
will remain close to the level of 1975. In other 'wérds, it is assumed
that producers will be able to ad just prices to "world inflation", ds
determined by the average price level of.products.eipbrted from the
industrialized countries and obtain an average price in constant
dollar values comparable to the price obtained by the main exporting
'~ countries in 1975. Actual prices are likely to fluctuate congiderably
‘around this average. It is further assumed that the Canadian price
will be the same as the world market price. However, even if the
Canadian price were kept at a different level, it is appropriate to
evaluate alternative modes of generation at world:mdrket prices,

Zeyond 1090 ralazrove,ci” prices are assumed tq increase by, on
the average, ! per cent per yeaw. For the purpoSQ of sensitivity
analysis two alternative assumptions were made. The low price
alternative issimes no increase over the planning Period and the high
_ri:e alternative assumas a 2 per cent average annﬁg} increase through

_ the planning periog.” o R




TABLE 2. PROJECTION OF REAL CRUDE Olk PRICES ($/BARREL) AND
RATES OF INCREASE

Year

1977
78
79

81
82
83

[
85
8o
87
88

90

95
2000
2005
2010
2010~

25

DRI

11.47
4
(2.7%/yr)

WV
13.18

¥
(3.6%2/yr)

¥
15.18
¥
(3/6%/yr)

\’

18.16
?

lpata BResources, Inc., "U.S. Long Term Review, Winter 1978,"

and "Chemical Review'".

¥.1.T. Workshop on Alternative Energy Strategies, "Energy:

1

M.1.T,
12.00

l

(5.5%/yr)

!
v
24.00
1]

LLJ

Prospects 1985-2000," New York, 1977.

Electric Power Research Institute, "Outlook for World 01l Into the

“lst Century," New York, May 1978.

EPR1

12.70

V]
(5.54/yr)

{

\"4
23.00-25.00

Pindyck

10.70
10.28
10.19
10.26

W
(1.9%/yr)
}
1128
i
(2.1%/yr)

|

4
12.51
13.80

|
W

15.18 (2.5%/yr)

16.72
20.52

Robert S. Pindyck, "Gains to Producers from the Cartelization of

Exhaustible Resources} Review of Economics and Statistics, Harvard

University, May 1978.
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" Table 3 details their projectioas for New England. -
.. TABLE 3.
PROJECTED FUEL COSTS
NEW ENGLAND
(June 1976 dollars)

* AVERAGE ASSUMPTIONS

1985 1990 . 1991-2010" 7
Residual Oil (O.BZ'Sulphur) ‘ . ' o . ‘
$/Million Btu - 2.53 2,54 1% annual escalation
$/Blb. 15.00 15.85 1% annual escalation
Distillate Oil .

$/Bbl. = o 17,00 17.10 1% annaul escalation

|
|
. _ : - |
$/Million ‘Btu o 2.89 2.90 1% annual escalation ' .
_ fAnnual‘escalation rates are over and above any avérage inflationary
: . .increases as reflected in the Consumer Price Index (CPI)

_ (d) Foster Assoclates under contract to the Electric Power: e
Research Institute came to the following conclusions. :7
_t "Combining the influences 1ndicated above, foreign oil.prices.
are projected in rerms of the generally accepted marker crude, .Saudi

Arabian light, FOB" Saudi Arabia, as set out in Table (4] (in conmstant-
1975 dollars per barrel)

TABLE 4 |
. . ) : o . . . \
WORLD CRUDE OIL PRICE PROJECTION .

Range oﬁs..

' - Base Case . Low-Case | High C.sse.= Uncertainty - _ |
Ligl916' o osiao - $11.10 . - - §11.10 '5 ST '
. 1985 '," id:oo -"3“ 400 1500 . 375
. 11990 e " 6.00 17.00 - 2832
2000 16757 11,90 . 22,00 2002 )
1FOB is a‘sninpln cerm — free on board - basically meaningythe

"cout of product at the source exclusive of freight.

“
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The base case corresponds to about a 10 percent price drop
between 1976 and 1985, about a 2 percent per year growth between 1985
and 1990, about 3-1/2 percent per year growth between 1990 and 1995,
and about 5 percent growth from 1995 to 2000. . .

The low case in 1985 represents a near total collapse of cartel
pricing b§ OPEC. Even so, the low case price in 1985 would still be
well above cost because enough countries like Saudi Arabla, Kuwailt and
Libya who do not need the current income would unilaterally cut pro-
duction sharply rather than sell at prices that were much lower than
current levels. After 1985, the low case reflects the consequence of
new reserves (and/or alternates) being at a much lower cost than
anticipated.

The high case price in 1985 reflects what might happen if OPEC
ignored the restraints on price previously discussed. The high case
prices after 1985 could occur if new reserves (and/or alternates) are
at a much higher cost than anticipated. A sustained very high real
price of oil such as shown in the high case 1is quite unlikely, for
- example, because such a high price in 1985 likely would bring out
enough new energy supply, cut demand enough, and/or trigger eaoough
other counter-measures by consumers to bring price down again. . ,

The above forecast, of course, assumes that essentially a single
price siructure will continue in the foreign area in each of the three

cases.

The range of the uncertainty given in the previous table is
informative in considering the level of confidence associated with any
given projection.

Based upon the alove studies the following annual rates of real
oll price escalation zre estimated for the purposes of this study.

1978-1994 1994-2023
Low Rate 12 1%
Medium Rate 3x 12
High Rate 5% 12

The initi:r.. .i&. e.st. for the alternative, as provided by FERC,
is $2.80/million BTU. Utilizing a conversion rate of 5,900,000 BYU/
Barrel this would be a cost of $16,52 per barrel.

“1giectric Power Research Institute. Fuel and Energy Price
Forecasts. Prepared by Foster Associates, Inc. EPRI EA~411 Final
Report Volume II. March 1977. pgs III 9-1l.

35




(2) Cost of Building the Tidal Project &nd ‘the Altermative
Plant “

a. Construction Costs %

Two sources of information were relied upon in analyzing this
facet of the relative price shift analysis: a preliminary analysis
performed by Meta Systems and the Reports of the Bay of Fundy Tidal
Power Review Board and Management Committee.

Historically both -construction costs and wages have risen at
a rate faster than that of general inflation as documented in Table 5.
The relative rise in construction costs was largely due to a sharp
rise in construction labor costs that exceeded the rise in general
labor costs in the late 1960's and early 1970‘s.” ‘Recently construc-
tion labor-costs have increased more slowly than general labor costs.
The measure of the general level of prices employed was the consumer
price index published by of the Department of Commerce.

Constructlon materials have increased sharply in price over
the last 10 years. This increase, however, has not been out of line
with industrial commodities as a whole. Industrial commodities have,
nevertheless, increased at a slightly faster rate than consumer
prices.

Deflated construction costs have exhibited the following
real rates of change: .

0.9 percent for 1950-1970
1.8 percent for 1970-1978

Construction labor cost increases which rose sharply in the
late 1960°s and early 1970's and were largely responsible for the
relative rise of construction costs during that time period are not -
expected to experience a relative rise during the period through
project completion. "The cost of labor . . . is a major element in
the cost of construction . . . It is expected that the net result of
various factors [productivity increases, fringe benefit increases,
etc.] will be that real construction wage costs will not significantly
change in the Maritime provinces during the 1980°s."“ This conclu-
sion by Bay of Fundy Tidal Review Board and Managment Committee can
be assumed to be valid for the area of the proposed Cobscook Bay Tidal
2 wer Projeci.

lMeta Systems Inc.

| zReassessment 2f Bay of Fundy Power. pgs. 219-2#1.
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TABLE 5

Deflated Costs

Indust; Electical

Construction Construction General Commod. Machinery Consumer
Year = Costs Wages Wages Prices & Equipment Prices
50 62.1 1.86 1.44 78.0 68.9 72.1
51 67.7 2.02 1.56 86.1 78.9 77.8
52 69.4 2.13 1.65 84,1 77.8 79.5
53 71.0 2.28 1.74 84.8 80.0 80.1
54 71.0 2.39 1,78 85.0 . Bl.6 80.5
55 72.6 2.45 1.86 86.9 82.9 80.2
56 72.6 2.57 1.95 90.8 89.5 8l.4
57 79.8 2,71 2.05 93.3 96.4 84.3
58 80.6 2.82 2.11 93.6 98.4 86.63
59 82.3 2.93 2.19 95.3 99.9 87.3
60 83.1 3.08 2.26 95.3 99.5 88.7
61 83.9 3.20 2.32 -94.8 98,2 B9.6
62 86.3 3.1 2.39 94.8 96.7 90.6
63 87.9 3.41 2.46 94,7 85.7 91.7
64 90.3 3.55 2.53 95.2 95.1 92.9
65 92.7 3.70 2.61 96.4 95.1 94.5
66 96.0 3.89 2.72 98.5 97.2 97.2
67 100.0 4,11 2.83 100.0 100.0 100.0
68 105.6 4.41 3.01 102.5 101.3 104.2
69 112.5 4,79 3.19 106.0 102.9 109.8
70 120.1 5.24 3.36 110.0 106.4 116.3
71 127.9 5.69 3.57 114.0 109.5 121.3
72 134.9 6.03 3.81 117.9 110.4 125.3
73 147.7 6.37 - 4.08 125.9 112.4 133.1
74 173.0 6.75 4,41 153.8 125.0 147.7
75 186.4 7.25 4.81 171.5 140.7 161.2
76 193.6 7.70 5.22 182.4 146.7 170.5
77 211.3 8.09 5.67 195.1 154.1 181.5
78 231. 8.60 6.15 210. , 164. 194.5

*ua aumber of cost indices are available, including the American
Appraisal Company indices, the Boeckh indices, the Engineering News
Record indices, and tbz EPA indices. We chose to use the Department
of Commerce Composite index because it provides an overall index which
accounts for productivity changes." Meta Systems Inc. .
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On the basis of this analysis it is assumed that construction
costs will continue to escalate at a rate greater than that of general
inflation. This rate will be closer to the long run real increase due
to the mitigation in real ‘increases of wages and the lower rate of '
increase in the cost of energy inputs. Therefore a rate of real price
increase of 1.1 percent per year is assumed for the construction cost.

(b) Cost of Electrical Machinery and Equipment

To the extent that the cost of building Ehese plants consists
of electrical machinery and equipment, the escalation rate in.relative
costs may be lower than l.l percent. Real electrical machinery and
equipment prices grew at the following rates:

-0.2 percent per year for 1950-1970
-1.0 percent per year for 1970-1978

:
The future trend is assumed to approximate the long run trend. For
the purpose of this report a rate of -.25 percent per year is utilized.

(¢) To determine escalation rates for the building cost of the
project and of the alternative, weights are applied to the escalation
rates for the construction cost and electrical machinery and equipment
cost and the resulting two terms summed. These weights are defined as
the fraction of total unescalated cost that is attributeable to each @
of these cost categories. ’

Meta Systems calculated an escalation rate of approximately 1.1%
per year for the tidal plant, assuming very little of the cost of the
tidal plant consisted of electrical equipment; and a rate of approxi-
mately .85% per year for the combined cycle alternative with weighting
based upon several telephone conversations with local utilities., |

Based upon a cursory analysis by the Corpé of the tidal project’s
cost, it was decided that a large amount of its construction cost was
in electrical equipment - approximately 32%. Utilizing this inght
the expected escalation rate is estimated to be .67% per year,

Further telephone calls regarding the composition of the combined
cycle plant yielded a weight for electrical equipment of approximately
43%Z. With this weight the escalation rate for the alternative would
be .52% per year.

Sensitivity tests utilizing price escalation factors for the
(il ment plani for tue aliernmative, scheduled for thirty years
after the inltlal construction, will not be made due to the potential
substitution of energy sources and the difficulty'of price projection
that far in the future. S o

.-
3

Y1268y + (-.2573(32) = .67% o
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Therefore, sensitivity tests will be run for this category for
both Meta’s estimates and the Corps’ estimates.

(3) Operation and maintenance costs are assumed to grow im
accordance with manufacturing wages, electrical equipment and machinpery
prices, and industrial -commodity prices. Manufacturing wages have
grown at a rate of 5.3 percent per year from 1950 to 1978. Relative
to the consumer index, they have grown at a rate of about 1.6 percent
per year. The rate of relative growth was

1.9 perceni per year for 1950-1970
1.1 percent per year for 1970-1978

Weighting the equipment and industrial commodities indices
equally, their rate of relative growth was ~0.2 percent per year from
1950 to 1978 and

-0.5 percent per year for 1950-1970
0.4 percent per year for 1970-1978

Assuming that the relative rate of growth of these costs will be 0.0
percent and that relative labor costs will grow at 1.2 percent to l.4
percent per year; then relative O&M costs will grow about 0.5 percent
to 0.8 percent per year. i

Furthermore, assuming increases in productivity will occur
similar to other industries, then O & M costs will probably not grow
relative to the generzl price level. In fact, they way decline. Thus
the estimate for 0 & I costs is a rate of increase between -0.5
percent and 0.0 percer: per year. For this study a rate of -0.25
percent per year is utad for semsitivity analysis.

(4) Cost of Transmission Lines and Substations.

In line with the discussion of item 2 above the rate of real
price escalation for transmission lines and substations is expected to
be lower than 1.1 percent per year. For this analysis a rate of .43
percent per year is utilized for sensitivity analysis based upon a 502
weighting of both construction costs and electrical equipment .and
machinery.

(5) Land Costs. Since land is fixed in quantity, it should
rise in value faster than general inflation, and historically this has
been the case. However, increases in land value are not uniform;
large rates of increase are experienced in metropolitan areas or
highly productive agricultural areas, with smaller rates of increase
in other areas. Lland values can therefore not be projected with a
great degree of credibility. This uncertainty of projection, in




addition to the relatively small proportion of 1an§:costs to total
construction costs, serves as the basis for excluding land valueé'f:om
the analysis. : o o
. . . .o oo

Consideration was given to tracing the.imﬁacy of a relative
increase .in fuel prices upon construction costs; maintenance mate-. .
rials, interim major replacements and other project aﬁdlalternativem
related input; using input-output coefficients. This would provide
for a complete consideration of the impact of escalat;ng fuel prices
upon the project’s economics. This was re jected, however, for the
following reasons: (1) it is difficult to determine whether the same
ratio of factor inputs to total inputs will exist tﬁr%ughout the
economy over time; (2) there is lack of knowledge cdngerning product
substitution possibilities; and (3) there is a lack of authoritative
projections for such alternative products. o ; o

On the basis of the above discussion, the following analysis
will focus on the increase in the relative prices of the fossil fuel
input to the thermal alternatives power production.coét. Several
sensitivity tests will be run analyzing different #atés of price

. escalation factors for various project cost and benefit categories.

M
I3

Power Value of Tidal Power 1 E

The methodology utilized to develop power valyes' for tidal power
is based upon the Federal Power Commission’s manual Hydroelectric
Power Evaluation FPC P-35.,. This methodology has been; incorporated
into a "life cycle costing" model by the Federal Eﬁgrgy Regulatory
Commission (FERC, formerly -FPC) and will be detailed in their forth-.
coming revised Hydroelectric Power Evaluation. The couputation of
power values is the same for both hydroelectric and tidal power. The .
following is taven from the final draft of the aboGe.!‘Specifically,
Chapter 5 entitled "Computer Model for Determining Power Value of
Hydroelectric Power", o :

3

"The annual value of hydroelectric power consists of (1) a
capacity value, which is developed from the fixed eleﬁents of the cost
of power supply from an altérnative electric generating plant; and (2)
an energy value, which is developed from the variable:elements of the
cost of power supply from the alternative plant, @ithin these two
basic components there are the following four types of costs that

enter into the power value determination: * 1
. 2 *

i

a. Costs of electric power delivered to the ﬁhsﬁbar. (The bus
bar is the transfer point between the generating sgat;on and the
sending substation.) These include generating fac%ligy investment

costs and the omeratiag and maintenance expenses required to produce
pover:

B it
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b. Llavestment and operating costs, including the value of energy
losses, of sendiny substation facilities needed to transform bus bar
voltage to transmission voltage.

€. Investment and operating costs, including the value of line
losses, of trausmission required to transmit the electric power to
market.

d. Costs. of the at-market substatlon facilities required to
convert the energy from transmission system voltage to that most
appropriate for delivery to the market. These include facility
investment cousts, operating costs and substacion losses.

A computer propram has becen developed for assimilating these
coste and calculating the capacity and energy value of proposed hydro-
eélectric projects. In this model, investment and operating costs are
used to develop annual capaclty and energy values at various points
for any given number of years up to 100 years. The model also permits
the use of time varylng cost factors and the application of present
worth arithmetic, thereby providing for basic life cycle cost analysis
or variable sensitivity analyses over the life of a hydroelectric
pruject.

In studies iovolving 1ife cycle analysis the program varies th?se
variable cost elements based on an annual fixed rate of escalation,
then through the application of present worth and capital recovery
factor formula determines the znnual levellzed costs of these elements.
The program, in general, is in an initial phase of development. Future
modification is e¢xpected to include at least the introduction of
supplementary production custing programs to refine energy value
evaluation, and additional finputs cto refine the life cycle analysis
capability."

Table A-] displays general input parameters. (Tables prefixed by
A are located in the Appendix) Tables A~2 and A-3 display sample tidal
and thermal input data, respectively, utilized in the program
operation.

Escalation rates enter into the computer model via the
genceralized tern

n
PRICE = inizial cost X (1 + annual escalation rate)

PRICE = Escalateg fuel cost

lThis ‘1as modified for this study to permit the input of a
ratas " .h year during the 100 year economic evaluation period.
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This will update the costs associated with the fuel input of the
alternative, while rhe initial fuel cost data to be input into the
program will be updated to 1994 relative price levels by hand. Thus,
the computation of the power value of the tidal power plant at low
tension connection at market will incorporate all the escalation
factors. T is point of the computer printout is utilized to maintain
comparability with FERC power values. For sensitivity analyses the
cost side-plant construction costs, operation and maintenance costs,D
and transmission and substation costs will be escalated by hand over
the relevant period and capitalized to determine an escalated annual
cost. On the benefit side, those costs of the alternative impacted
will be escalated by hand and then input intc the program.

Analysis.,

As discussed in the methodology section of this report, this
analysis is based upon relative price shifts of oil. 1In additiom, two
sensitivity analyses are performed: (1) relative 'price shifts among
other factors — project construction costs, alternative construction
costs, transmission line and related structure costs, and operation '
and maintenance costs; are examined; and (2) relative price increases
of 0il over the period 1994-2023 of greater than 1% are examined to
see at what level a b.nefit to cost ratio greater than unity would be
obtained.

a. Base (Case

This case anclyzes the impact of relative price shifts of
fuel upon project ecoromics. The following rates are utilized:

1978-1994 - 1994-2023

Low Rate 1% 1% ‘
Medium Rate 37 ' 1%

'
High Rate 5% 1%

Tables 6~8 detail the results of this analysis.

4
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TABLE 6
Power Values®' - 40X Plant Factor
(oillse/kwh)
Fuel Escalation Rate
N ¥ 4 35.4
kY 4 45.7
S% ' 59.3
TABLE 7

Representative Benefit to Cost Ratios?

Fuel Escalation Rates

Project 12 3z 52
16C Dudley W52 67 .87
135 Cable -56 072 '93
140 Cooper .36 .73 ' .94
110 Bireh «56 .72 93
135 Goose .56 72 94

A third statistic which is of relevance in relative price shift
analysis is the break-even year. This is the year after project
construction that the escalating power value equals or exceeds the
cost of power generation from the tidal alternative. After this point
the project begins to pay for itself.

TABLE 8
Number of Years to Break-Even Point -

Break—=Even

Value (mills/kwh) . Fuel Escalation Rates
Project 1Z 3% 52
160 Dudley 68.0 - - 26
135 Cable 63.7 - - 19
140 Cooper 63.1 - - ' 18
110 Birch 63.6 - - 19
135 Goose 63.2 - - 18

IThe power value FERC calculated for a 125 MW tidal project
with a plant factor of .31 was 31 mills/kwh. Their calculations do
not consider price shifts. To ensure the consistency of benefit to
cost comparisons, the computer model was calibrated utilizing a fuel
escalation rate of 0X. In this case the computer calculated a power
value of 30.64 mills/kwh., The basic values are in close agreement
ard therefore conparisons between standard benefit to cost ratios and
those calculated herein can be made with relative confidence.

2These projects have the best standard benefit to cost ratios.
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These tables indicate that while at the high fuel escalation rate the
project’s power cost will be lower than the alternatives at some point
in the future; over the 100 year period beginning in 1994 the initial
higher cost of the project’s power is not compensated-for by future,
more heavily discounted, savings. ™y 5

N \M\\
. .
b. Sensitivity Analyses : . \\\\
. T .\-_7
The sensitivity.analyses utilize the 140 MW Cooper project \\x‘
since it showed one of the highest benefit to cost ratios under both \\g
the standard and the relative price shift methods. The foliowing "
alternative assumptions are made for each facet of cost studied with N,
the resulting benefit to cost ratios presented in Table 9. : Cow
: : N -
.
Annual Escalation Rate-Plant h
Corps Meta
Tidal Plant 67% 1.1%
Alternative Plant - +52% «85%
Annual Escalation Rate~Operation and Maintenance ‘
-.25%
Annual Escalation Rate- Transmission Line
and Associated Costs
437
TABLE 9
Benefit to Cost Ratios
Sensizivity Analyses - 140 MW Cooper
Fuel Escalation Rate - 3%
O+ M 0% 0+ M =,25% .
Transmission Line 0z -43% ) 0% +43%
and associated Cost ‘ .
i.ﬁ ’17 n
Plant - 4:'
B N g2 . a2z g2 ; :
Corps .68 .67 .68 .67 ¥ |
Meta . ] 063 -63 063 .63 - ’
- =
P8
4

-~
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The limited sensitivity exhibited under the scenarios — excepting
plant cost, should not be surprising and should be interpreted with
exceeding caution. The sensitivity evident 18 a result of the
methodology for computing benefits and cost. Changes in plant cost,
transmission line and associated structure costs, and fixed portion of
operation and maintenance costs would impact the power value of tidal
generation on the capacity side of the benefit ledger.  But, since the
tidal project analyzed does not have a dependable capacity credit
presently, benefits do not rise. Thus for an escalation rate applied
to fixed charges the cost of the tidal plant would rise, but the.cost
of the thermal alternative while rising would not be reflected in
project economics.

In addition, the limited impact can be traced to the very low
rateslgf escalation applied over short time perfods. =~ i.e. a(l +
.005)'? = 1.08a, an increase of ..5% for 15 years adds only 82X to the

. cost of the project facet.

An additional sensitivity analysis utilizes the following future
relative price escalation rate for oil to determine a rate at which
the project benefit to cost ratio would exceed unity.

Annual Escalation Rate
1994-2023

2%
3%

TABLE 10
Benefit to Cost Ratios
Sensitivity Analyses - 140 MW Cooper
. Alternate Future Fuel Escalation Rates

Fuel Escalation Rate }1979-1994

Fuel Escalation 1% 3% 5%
Rate 1994-2023
1% .56 .73 .94
2% 62 .80 1.04
3 .68 - .89 1.16

The following tAbles dirplay the percentage increase in real terms éé-
the price of oil over the time period 1979-2023 under the various cases
examined and the ectual price uged as an igput to the analyeis.
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TABLE 11

: Percentage Increase in Real 011 Pricea

Fuel Escalation Rate

12 : 3% . 5%

To 1994 16.1 55.8 S 107.9
To 2023 . :
1z 56.5 110.0 ' 180.2
az 110.3 182.2 276.5
£ 181.8 278.1 . 404 .6
TABLE 12 i
Increase in Real 01l Prices (§$/Barrel)
1
Fuel Escalation Rate1
1% 32 5%
To 1994 19.18 25.74 34.35
To 2023 .
1z _ 25.85 . 34,69 . 46.29
2% 34.74 . 46,62 62.20
3z 46.55 62.46 ‘ 83.36

1Base cost $16.52.

While the 5%-2% and 5Z-37% cases examined in Table 10 are presumed to be
extremely unlikely, given the uncertainty associated with the emergy
sector it 1s a possibility.

D.

Conclusion

The utilization of relative price shift analysis brings out the
economic energy benefit assoclated with tidal power much more clearly.
This dynamic cconomic apprcach results in the various tidal power
project’s benefit-to~cost ratios being enhanced. However, with this
methodology and assuming relative price shifts for oil along expected
levels, tidal power, while ewentually providing net beneffts during
several years in the high escalation rate case, does not provide net
benefits over the 1life of the project. The reasons for this include
those which have always welghed ageinst the tidal power concept - 1i.e.
high initial cost and lack of dependable capacity; and the more recemt
infusion of funds into alternative, and in many casés, kess expensive
forms of enmergy. Thus, tidal power, though more competitive today,
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ig still not justified, utilizing the sssumptions made herein, om
the basis of economic analysis as applied in accordance with the
Water Resource Council's Principles and Standards.
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GENERAL INPUT FARAMELERS
ESCALATION RATE)ORMa(PU)
ESCALATION RATEJGENERATING PLANTw (PU)

ESCaLATION RATE)SUBSTATIONG (PU)

ESCALATION RATEJTRANSMISSION LINEsn(PUS N

DISCOUNT RATEJSTEAM PLANTa (PY)

DISCOUNT RATEJHYDRO PLANT (PU)

FEDERAL -INCOME T ATE FOR CORPe(PY)
I@LeerENr TAX CREDIT=(Py) . e
BOND INTEREST RATE,THERMAL ALT=(PU)
BOND DEBT RATIO, TWERMAL ALT=(PUS
BOND INTEREST -RATE,HYDROw (au1

BOND DEBT RATIO HYDRO(PU)

0,0000

- 0,0000 .

00,0000

0,0000

10500
06875

0,000
0,000

0,000

0,000

0,000
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"Symposium on Relative Price Shift
Economic Analysis as Applied to Public Power Projects"
Sponsored by

Project on Balanced Growth for Maine, University of Maine at Orono

1:00 P.M.
1:30 P.M.

1:35 P.M.
1:45 P.M,

3:30 P.M.
3:45 P.M.
4:45 P.M.
5:00 P.M.

Maine Office of Energy Resources
Maine State Planning Office
U. S. Army Corps of Engineers, New England Division

Center for Research and Advanced Study
University of Southern Maine
Portland, Maine
November 27, 1979
Registration

Expianation of the purpose of the Symposium - Arthur Johnson,
Director, Project on Balanced Growth for Maine

Welcome from N.E. Division Engineer, Colonel Max B. Scheider
Panel Presentations by:

Philip Hastings, Central Maine Power Co. - “Economic Evaluations
of Hydro-Electric Projects Large and Small"

Charles Colgan, State Plarning Office - “Relative to What?:
Economics of Energy in Cost Benefit Analysis”

Lawrence G. Hines, Dartmouth College - "Criticism of the Present
Use of Alternate Cost Approach and Observations about Inclusion of
Ancillary Benefits"

William Beardsley, Bangor Hydro-Electric Co. - "A Private
perspective on Water Investment Decisions in the Public Sector"

Gerald Dawbin, Maine Office of Energy Resources - "Validity for
Assessing Long-Term Capital Investment in Public Power Projects"

Normand Laberge, Half Moon Cove Tidal Power Project - "Life Cycle
Cost versus Relative Price Shift Analysis: A Comparative Example"

A. Myrick Freeman 111, Bowdoin College - “The D1scount Rate in
Relative Price Shift AnalySIS“

William Shipman, Bowdoin College - "Identifying an Appropriate
Measure of Benefits for Evaluating Tidal Power in Cobscook Bay"

Break
Discussion from floor
Summary

Adijourn
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" Economic Evaluation
~ , of
Hydroelectric Projects

Large and Small

Prepared for

Sympoéium on Relative Price Shift

Economic Analysis as applied to .

Public Power Projects

November 27, 1979

By o
Philip C. Hastings N
Research Engineer '
Central Maine Powei Company
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when evaluating nydroelectric projects it is helpful to keep your
objective firmly in mind. The objective of power supply planning is
to develop an orderly expansion program to satisfy the energy needs
of the customer at the lowest cost over the planning horizon, while
maintaining adequate reliability and a fair return to investors.

The use of relative price shift analysis represents an effort by the
Corps of Engineers to more accurately evaluate hydropower projects
in an era of substantiai price escalation. Economic eQaluation of
hydroelectric projects should be made over the economic life of the
facility to include the effects of inflation, fuel cost escalation,

and the time value of money.

Consideration of the process of economic evaluation of power supply

alternatives can be separated into three components.

. - The accuracy and validity of the assumptions made
- The economic analysis technique selected

- The procedure for applying the technique

This paper will focus on the third component, the procedure for

evaluation.

The Power supply planning process begins with a forecast of future
customer energy requirements and peak demands. The Central Maine
Power forecast consists of separate projections of energy
requirements for residential, commercial and industrial customers.

The residential forecast is based on an analysis of the electrical

consumption of each of the major appliances, including electric

53




e """"''''f'f/hhh e S
L o , i
‘ ' G "

space and water heatlng The use per appllpnce is then combined

B L

with forecasts of appllances per customer {(saturation) andcempected

number of customers to produce a forecast of: total residential -
electr1c1ty needs. The commercial forecast is based on a progectlon

~of non—manufacturing employees and'energy consumption per employee.
i
The 1ndustr1al forecast is an extrapolatlon of recent growth

3

" trends. The pulp and paper industry is evaluated in greater depth, o
due to its contrlbutlon to energy requlrements. The total energy
forecast is then used to calculate ~expected peak demand based on a

projection_ofzsystem load factor. o s
TP . ? , .
The other major data set required for the planning processi is the

characteristics} suéh as heat rate, cos;, maintenanue requirements
and forced dueabe rgte, of the various existing generating; units in
the system, and those that might be added in the future. ?n
general, the Varioué types generation cen be grouped into tthree
categories. v : . T8 |

. 3 _ ‘ ) '
- Peaking units;; which are used dur}ng;periods of high demand.

These units afe character ized by low%capital cost and high

energy cost, such as gas turbines or{ diesels. i

- Cycling unlts, which, as the name 1mp11es, cycle on durlng the

day to meet load requirements and then effect nightfwhen

demand is lower. Combined cycle plants or oil-fired units

would fall in this category. : P .

- Base Load units operate around the clock, shutting aown.only
for maintenance or repair. These udits are typically more

expensive to build than the other two categories, but have

lower fuel costs. Two examples woufd be coal and nucleat

£

units. 54
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Hydro is a special category. It typically has a high capital cost,
no energy cost, and a limited amount of available energy, which may

only be available at certain times.

The generation planner develops a power supply plan using the “"mix"

of the various unit types which yields the lowest total power

' production cost to the customer over the planning horizon. The plan
must also maintain adeqguate system reliability, meet environmental
requirements, and a host of other constraints. ‘The planning process
is not a simplé comparison of one.type of unit versus another. The
objective is to minimize total cost to the customer over time. This
may mean for example that a éycling unit would be installed instead
of a base load unit because it can be put in service three years
sooner, or that the alternative to a large’ peak hydro unit may not

be gas turbines but energy storage plus more extensive use of base

load units.

-

.This type of sophisticated planﬁing process requires complex
computer programs to efficiently evaluate the largelnumber of
possibie al&ernatives. A flow diagram for one such computer program
is shown in figure 2. Note the jterative nature of the process and

the .inclusion of environmental impacts and financial data.

The central point.of this description is that economic evaluation of
.large hydro electric projects should include the impact of the

addition on the region's power supply plan over time. All of the

potential costs and benefits may not be apparent in a unit-to-unit

-

comparison.



. addition. THe addition of 3 5 MW of hydrb capaclty to a {1200 MW

" additions. Thie agsumption w111 permit evaluation of the small

-capaC1ty and energy that would be dieplaced "by the project. see

‘flgure 3. Thzs is an economic evaluat1on of a small hydro expan51on

recently completed*by CMP. The annual fbxed cost of theL

& v e . BT B | . - Bl
| . - . I!! ! Lot — . , ,i\,:

. ' S FT
H bl !ii 1 . T ¢
ﬂany groups ﬂnlmew England are currently engaged 1n azrev1ew of

ertetlng hydro 51tes to &etermlne _the feaslblllty of RN ;_1

developlng/redeveloplng their hydroelectr;c potentlal. In

Yo
evaluating these small pro;ects, u31ng the complete plann;ng process

described above may not be justxfled and some simpllfymgr

t. L= -
assumptlons can be made. il S

M i A . .\ g -
U B '
'f b - ' . i

One cr1t1ca1 assumptlon is that the sxte ls small enough that the
5
region's power supply plan w1ll not be measurably changed\by the

A I
System—-while 1t may result 1n an economxe beneflt-awill.not by-

b

1tse1f, measurably change the type or timlng of future major

hydro unit by ‘what I shall refer to*ae the Displacement Method.

tooE i , oy
. i
In the dlsplacement method of. analysis the small amount Of capaclty

and energy aSSOciated with the hydro project are compared to the

H i

dlsplacement is baeed on the cost of gas murbine capaolty as an

WAL

alternative dlesel generating costs mxght‘have been used, 1If the

generating system’ in ouestion had no addﬁtional capacity:

requirements during the life of the proposed hydro proje¢t, then the

t

displaced capacity!value would have been izero. The dlsplaced energy
i

cost is valued at- system average production cost excluding nuclear.

!

This average value'is used since the hydro plant would dxsplace

different units at'different times thébughout the year. { The exact
B



value of this displaced energy is highly dependent on the system
being studied. Note also that the fuel cost is "levelized". That
is, it is &z constant annual value which will yield the same present

value as the increasing fuel costs over the life of the plant.

in suhmary, the technique used for economic evaluation of

) hydroelectric projects is only as good as the accuracy of the

assumptions made and the validity of the procedure used.
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SHAWMUT POWER PLANT EXPANSION

ECONOMIC COMPARISCH

L - - © " West Side °  East Side
der L . ) e Lavout - Layout .
, Rated Capacity (kW) . : - 3,440 - 5,000 |
Average Annual Energy (Mwh) 18,000 21,000
Gross Dlant: Investment {3 ,000) - 4,690 7,060
Investment/Installed kW ($, 1,305 E 1,412
- Annual Cost (§ ,000) - 898 1,412
-Annual EnéggyACbs; (Mills/kwh) o 49.9 - 67.2
 Fossi1{A1tefna£ive
Gross Plant Iavestment (§ ,000) o, 798 1,160
Annual Fixed Cost (§. ,000) S 160 - 232
*Annual Fuel Cost ($ ,000) L 3§ | {1,092
' Totsl Anmual Cost ($ ,000) 1,096 71,324
Comparison | w : = - L L
Annual . Savings with Hfdro (s ,000) i ' 198 ot (é&).

Bengfit/Cost Ratig, Hydro to Fossil ‘ ' 1.22 T 0.96 -

*Lévelized cost over 50 years assuming 6 percent increase pert year and a

present day fuel cost of is 24 mills per kwh. The levelized fuel cost
. is 52 mills per kWh over 50 years. . ]
{
i e
" i -
GCP . o Figure 3 - © Rev.

3-9-79 : ' ' ' . 3-21-79
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RELATIVE TO WHAT?:

THE ECONOMICS OF ENERGY IN
COST-BENEFIT ANALYSIS

Charles S. Colgan
Senior Planner
Economic Planning and Statistical Services Division

Majine State Planning Offiice

Paper Presented at Symposium on Relative

Price Shift Analysis

University of Southern Maine
November 27, 197%
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The need for comprehensive and éeffective, energy Qolicrgs

- ” X » . l
is a major theme of government policy making in the 1970's.
But though the neéed is clear and present, the form and content
©of such poligies is mired in a shapeless morass of teéhnology,

" 3 . 1
ideology, politics, and economics. The search for a Rosetta

&stone of energy policy to make sense of the”many'clalms for
: , ; 1 oo
conservation, development, solar power, synfuels, and so on ?s

=

still woefully absent. ;
. . 1 f . .

Although i.wodld not pretend to have: found. that touéhétohg,
the topic of:Relative Price Shift Analysis does conta&n some
important concéptg not only for the evaluation of épecific
Projects but for'tpe devélopment of mbrelcomprehensive analysgs
which can form ther basis .for energy policy, ' f

k]

Two key concepté underlie the .analysis I propose:; first
the view that "energy”, as we loosely use the term is éctually
a complex mix of resources which provides the power Eor our
modern, capital (that is energy) intensi?e economy. The second
concept is of a "mix", implying that there is a certaié amounf
of iﬁterchangeabil}t&aamong thé—cgﬁponentﬁ o% the systemi

: ' ' 3 :

Historically, ~the shift from different forms of ‘energy,
from animal to steam, to coal, to ielectrical, to petroleun,
nuclear fission, apd perhaps ultimately quclear fusion @as been
a driving force iq,the histerical periods we have come to refer
to as the "industrial revolution®", the "electronic revolution",
"the atomic age", etc. In both histgriography and‘zpopular
imagination we have wviewed our past, present, and }o some

extent our future %n terms of the forms of energy we use.

+
*

These shifts of energy sources have largely been determined

by interlinked phenomena of technological "development and

"

resource availability (or scarcity), botb of which are ,in turn

N -
i

aare .
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gauged by priceé. These long term changes have been character-

ized by two basic trends:

The change to energy sources which were lower in per unit

costs than their competitors.

The change to forms of energy, and energy resources, which
are increasingly capable of converting among multiple

applications.

Two examples of both these trends lie in electricity, which
has in many ways taken over previous forms of both mechanical
and thermal energy because it can perform a variety of tasks
cheaply and efficiently, and petroleum, which is tremendously
coinvertible in its uses and has become the cheapest form of

easily convertible energy the world has known.

Petroleum has come to dominate the world energy resource
picture because it is a versatile resource: with a little bit
of adjustment you can put it in a 2 cubic inch—chain saw or a
multi-megawatt steam turbine. You can run cars, Planes,
trains, boats, etc. And until 1973 you c¢owld do all that with
a price that was steadily declining in real terms. From 1950

to 1972 U.S. real crude prices decreased about 21%.

The United States as a whole, and New England and Maine in
particular became increasingly dependent upon oil for a larger

share of their energy supplies beéause of another characteris-

tic of petroleum: its ease of transport from places that have

it to places that do not..

As the price of petroleum declined, a number of forms of
energy became uneconomic, particularly the small hydroelectric
stations which dotted New England's rivers. For example, 1in

East Machias a small hydroelectric station became uneconomical
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in the 1950 8 and the statxon was ‘Sold to the town for $i'00.

Now there is seglous thought being given to reactlvatxng the
station since it may once again be economical ta do so.

The peason ig. of course,_thét thejlcng downward:krend in
oil pric%s Has oéen totally revecsed,,aﬁd,ceglaced with sharp
upward t:end; in. prices. Since. 1973, tke nominél price cof oil
has more than tripled and the real price more than doubled; and
there is every likelihood the nominal price will hove more than
quadrupleo by the end of thié year.

[ N

The obvious_effect of such increaées in prlce is to lower
the demand for oil, either through changing the 1nten31ty of
its use (conservation) or by chanéing to a different energy
resource to perform the same function,. But it is 1nsufflclent

for purposes of public policy 51mply to 1dent1fy the fact that

demand changes as a function of prxce rises. Some 59"3?195“how—

.and why energy resource shifts occur, and most importantly, how
_ government policdies affect those ' shifts 1is fundamental to

energy policy formulation.

~ This is true both for the creation of some general energy
policies for the  nation or the state, S&Emélso for the cholices
of individual projects in which the’goverﬁmant becomes involved
as prime mover - and developer. The need to place specific
pfoject choices “within some b{oade& context. of energy policy
has been identified for years as. a critical. ‘
i
There are several major factors which affect the choices
among various eoergy alternatives. AésumingA for the nmoment

that market prices will be the major measure of a resource’'s
utility, these factors are: f
H

1. Diseguilibria in the econcm@. The clearest example of

this is the administered pricing of OPEC. A second example is
t ?
}
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found in the monopoly characteristics of most public utilities
which then requires either some fornm of government price

requlation or direct government operation (TVA is an example).

2. The existence of unpriced externalities, particularly

environ@ental tmpacts and the efficient use of energy resources.

3. The "macro" level variables'of aggregate demand in the
economy and the <Jdisaggregated demands for certain forms of
energy. This level can be thouéht as the ﬁlanning context for
formulation . of energy strategies and the choice of energy
projects, but as context it is determined independently of

specific project or policy evaluation.

. In decidfng on anf kind of energy development project, the
government undertakes some form of cost-benefit analysis to
determine if the project meets the criterion of minimum
rationality, that 1is that the project yield more in benefits
than it takes away in costs. Such cost benefit analysés must

meet three criteria in order to.provide a full evaluation:

1. They must be technically accurate itn their accounting of

benefits and costs.

2. They must consider a project. in light of the

alternatives available for meeting the same goal.

3,.  They must adequately consider the social costs and
benefits of the project.

Of these criteria, I am principally interested in the
latter two, since the first is one which can only be evaluated
on a case by case basis. The other two criteria have direct

bearing on the current problem, however.
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The second criterion, that alternatives be evaluated ‘along
with thé:projéét'ﬁndér considerétion is a'éticky issué,'since
the universe of alternatives is always infinite and thHe time
available always incredibly finite, Often the alternatives to

'be considered are impliéd in the use of a discount rate based
on the oppdrturity cost of the capital., - -

* But 'idéntifyingf'altérnétives"is‘ at the Wery ‘heart of

" "Relative Price Shift Analysis” ‘and some reasonable ‘effoft must
‘be made to ‘show that ‘viable alternatives have been identified
and“anéiyzed'in'compafison with the projéct under considération.

Loy e . - “ . L - o -

Since the universe is infinite, 'some attéﬁpt‘haéhtaﬁﬁé'made
to narrow the field to the realistically possible alterna-
"tives. In order to be considered in a comparative analysgis I
would suggest two' rules of thumb. First, an alternative should
be technically ' comparable to .the principal “project. A 5 MW
hydro plant should not 'be directly compared with "a ‘2000 MW
nuclear power plant. The projects should be of ‘the same scale

e EENE TRV B

and capable of performlng the same task. '

A "'decond rule of thumb would be to compare ' unknowns with
knowns whenever ! possible. Thus, in the ¢ase of most énergy
pro;ects the alternative would be a petroleum based technology,
whlch “is already -likely to be a proven use. Slnce the
technologies ‘are ' well established, the 'major 'variable is

usually the price of the basic energy resource. It 1is for

these reasons that the comparison of a tidal ﬁgbject with its
0il based alternative is entirely appropriate and logicall

)

‘However, as logical as- this approach is; in fact as
necessary ‘as it is to: sound cost-benefit analysi's, ‘there are
still” some major issues to be resolved. ‘Principal among these
is how best to forecast the future of o0il prices in such a wav

that one can have confidence in the ‘Project evaluation which
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results, The dangers of trying to predict the future of oil
prices are obvious. The controlling factor in those prices is-
an international cartel characterized by shifting and unstable
coalitions in pricing dec¢cisions, The past behavior of OPEC

presents a very uncertain prologue to the future.

Consider that in 1974 OPEC doubled the nominal price of oil
from $5.04/bbl to $11.56/bbl, and then in 1975 raised the price
again to around $14.50/bbl. It stayed in that wvicinity until
it took another major jump earlier this year to $18.50/bbl. If
estmates of an additional 24% jump in p:icés by the end of the
year ‘are accurate, this would méan a total 356% increase since
1973. The vast majority of that percentage will have come in
1974 and 1979. Certainly this is not a pattern one could

extrapolate from with much confidence.

" But theré are ‘some  procedures which can be .used to at least
get a'Elrm conceptual handle on the possibilities of future oil
price 1increases. The  Army Corp of Engineers study of the
Cobscook Bay Tidal Power Project contains several approaches,
including the_PIES model, and the forecasts of Date Resources
Inc., and others. However, another indicator of the vagaries
of. oil .price rises is that virtually all of thesél models
significantly underestimate the increase in oil prices which
has already occured: The most pessimistic of the various
forecasts used in that study do not show a $23.00 barrel of oil
until well past 2000, and that is the price which will probably
be set by the -end of 1979.

How can -0il price rises be Fforecast? One way is to ignore
OPEC, and pretend that the price will rise from whatever it is
now on ‘the basis of future supply and demand assumptions. "Most
of the models cited in the Cobscook Bay report use some form of
this approach, although they are also scmewhat outdated. The

Department of Energy'has.developed what might be termed simple
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egquilibrium projections using a variety of assumptions about

the. level of world aﬁd U.5. demandiamd'supplyh

The use of such simple equlllbrlum models has some powerful
advantages.. Nelther the data nor the tkeoretlcal requirements
are overif' burdensome. Moreover, the long . run suﬁply and
aemand characteristicg of the ' oil’ market: do:. serve as the
background' to OPEC pricing policyg: which' reSpohds féo» tight
"supply situations by price increases§, 'and to loose supplies
with stable priéééb - Thus thése models might indicate when QPEC

were most likely to make large increases 'in the price.--

-.+~ But there are some potenﬁial hazards with such mééElS' as
.-well~ Primaéily,!there is the nec9591ty of. making asshmptlons
about the future *state of the world’ upon wh1ch the projectlons
x_wmll be made:. - This  will give the appearance that the
fcost/benefit.analysis is. moving éway from a concrete, objective
evaluation process towards a more: "subjective" one. This may
have significant’ impliéatjons. for the political acceptability

of any project solevaluated.

However, I use the term "appearéﬁce“ of such a @move to -
indicate that the reality is somewhat different. .In“facf all
cost-benefit analyses rest Squarelyf on , the strength of their
assumptions, most of which = are ugually only implicif.-' For
instance, most.ahquses use assumptions of constant pricés'in

calculating: the bénefit stream. - : . . .o

We must thu$ inquire about the ‘reasonableness of the
assumptions contained in the comparison of alternative energy
- projects. Is it reasonable to assume a.constant real price for
0il?- -Or is it more reasonable to assume, for .example, thaE the
price. . will idincrease at around 4% - a year a iikely event
according,to DOE “if wo;ld,productioﬁ of o0il grows at less than

3% a . year- while demand  grows at ‘a rate greater ,than 2%
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accompanied by comparable figures of U.S. production growing at

less than 2% and demand at greater thanm 0.5%7

I use these numbers because according to the Cobscook Bay
study, a price rise of around 4% for oil would ténd to yield a
Benefit-Cost ration greater than 1. The assumptions are taken
from a DOE report to the Congress and represent one of their

medium low scenarios.’

Even with the necessity of assumptions, it is still
possible to do an "objective” analysis. It is both simple and
appropriate to perform a sensitivity analysis wusing various
assumptions, as the Corps in fact does do in the Cobscook Bay
study. However, there is still a requirement that the point on
the possibilities curve where the BCR reaches unity must still

be a rza »nable one.

Another point of view of the same problem illustrates a
test‘of how reasonable the relationship between a project and
its alternative is. Instead of ignoring OPEC, an admittedly
unreasonable thing to do, consider OPEC as a random number
generator. The generator always produces some number greater
than -1 (that is the outcome is always either no change or a
price rise). If there is a gap between a projct which is not
viable at current prices and one which is at some future price,
that gap represents the risk associated with undertaking the
projéct now. If by chance, the price rises more than that
amount, the project is a winner. If not it is & loser.

For example, from the Corp's figures, a total rise in the
price of o0il of around 30% between now and i990 would make the
Cobscook Bay project viable. Thus the Cobscook Bay project is
insurance that the price of its electricity will rise no
further than electricity generated at a facility using oil 30%

‘above current prices. Or, the price of electricity from
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S.that - ail externalities be accounted for. ) major external cost

to usof 1'output. This is the major reason that the long run
P e » - . e
decilue in rpal energy price has been accompaned by a decline -
in thb efflelency of energy use.
.o REE ) . - L
The leference in efficiency of energy utilization amonu
.various esojrces, especially in electrical generatlon, ié'

Cobscecok Bay will represent a consumer surplus at any price of

0il more than 30% above current prices.

Of course OPEC is not purely random.® Based on past CUPRC
behavior, a 30% price rlse over the next 10 vgars is certalnlv
not un“caJOﬂaole. Moreover, éveﬁ'the”sim le equlllbrlum model
projects around a 40% rise in the same period. From “this

perspaective, Cobscook Bay appears to be a viable 1nvestment(

.

Tho - third criterion for a sound coqt bﬁneflt analysis 15

in enaYgy L nologles involves the thermal eff1c1ency of the

techns?ccv,

The conversion of energy from heat to nechanlcal energy to‘”

- '
P
. LN

'elvvtr1041 énergy which takes place in an electric generato,
inevitabivy involves some loss of heat. in fact, most power“

planu; ﬁﬂn convert. only 30% of the BTUs of energy they take in

\

primarily dus to the unpaid rents of fossil fuels and other

fzxed 1pply energy resources: Since therheat'produced 55 a

v

bynroch% of electrlc generatlon generally commands no price,

but 009? deflnltely have valne because of the scarce, in fact

finite, nature of fossil fuels, there is an inherently

ER

inefficient use of these resources unless that rent is paid.

it is essential, therefore, .that the cost of the wasted
heat generatedf;in~“a thermally based electric generator' be

counted in*o the bost benefit ana1v515. This cost increazsa

with each "UCL&SSlve conversion of enercy, and with each use of

*1¢ should be noted that in December 1979, two months after this papef was -
originalily presented, the OPEC +ice of oil rose an additional 30%, to
approximately a $28.00/bbl avercye price.
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a fixed resource. Thus the cost will clearly be higher for an -
oil burning plant, which wuses a finite resource and dgoes
through a three stage conversion process (heat to mechanical to
electrical) than for a hydroelectric station, which uses only a
two stage conversion (mechanical to electrical), with an

egssentially free energy source (gravity or solar heat).

I will not pretend that the measurement of these rents will
be easy, To some extent, it may be argued that the scarcity of
oil is already reflected in the OPEC pricing decisions,. and
that the essentially free energy resource of hydro is.-already
accounted in the cost structures. These arguements have .,some
validity, but it is the fundamental energy efficiency of
these technologies which is at issue, rather than the resources
themselves. Thus the calculation of inefficiency costs must be

done for each alternative under consideration.

Pinally, there are the cnvironmental externalities. To a
great extent the task of including these in the analysis |is
easier than for inefficiency externalities. Current
environmental laws and regulations generally have the effect of
internalizing and pricing the potential enviroﬁmental damages
through requirements for specific control technologies,
procedures, etc. What is reguired here is that the costs of
such environmental damage controls must be included ofr all
alternatives. This will entail some consideration of the
adequacy of these controls as well, and may also require that
anbriced externalities be identified and included wvhere

possible.

In summary, the relative price shift analysis really should
he renamed as relative cost shift analysis, to reflect the full
range of economic factors involved in an energy ©bPproject
evaluation. The value of such analysis lies in its explicit

consideration of viable alternatives, thus assuring that the




bast projazcts will be "selected and in that full consideragion
t

of issles zsnch as thermal efficiency and cnvironmental effects.

M1

" Most importantly, 'the .basic concepis involved..in relative .

cogts analysis of specific projects are also the zame basic .

concepts should be applied to the developement of cwnergy policy
‘as a whole. It is obvious, even among the combatants in the
energy policy wars that 1low cost, efficient, and epvirconmen-

tally complatible energy technclogies are the ones which should

be - identified- "and undertaken. Granted' the: -evaluation of

hydro-electric projects along these lines is alone insufficient.

to ‘assure an overall sound energy policy. But if both .grand
strategy .and. each battle’'s tactics are fought from. the same

conéeptual basis{°surely the war is half won.

.+
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A Review of the Determination and Measurement of

Benefits in Public Investment Analysis®

Lawrence G. Hines .
Dartmouth College, Hanover, New Hampshire

Although early federal public investment projects
frequently involved a kind of economic review similar to
present-day benefit-cost analysis, the formal@zation of
this analytical technique is usually attributed to the
Flood Control Act of 1936. The 1936 Congressional Act
instructed the Civil Works division of the U. S. Army
Corps of Engineers to identify and include favorable
project impacts "to whomsoever they may accrue" as pro-
ject benefits, which brought about the use of benefit-cost
analysis in public investment decision-making and its
reliance upon ancillary benefits in the economic just-
ification of federal projects. As one would expect, un-
covering ancillary benef@ts has been a challenge to which
the federal agencies have responded enthusiastically and
over the years these agencies nhave identified an impressivg

number of benefits that accrue to others than the project’s

*Prepared for delivery at the Symposium on Relative Price
Shift Analysis as Applied to Economic Evaluation of
Public Power Projects, held at the Center for Research
and Advanced Study, University of Southern Maine, Portland,
Maine, November 27, 1979.
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| opportunitﬁeéﬁ'tﬁé’varue of which has classified and

main benetlﬁlavv; sucn ‘as. those protected from floods,_

and that involve uses other than the main project purpose,

such as the uss of a resevoir by water skiers.

The anci lx“y beneflt 1ist of public water-resource .-
projects includes stream-flow augmentation for pollution
abatement, increased value of land near the project;

stimulation of employment when the project is in an

economically distressed ared, a wide range of redreational. -

mandated DY Coag ss}J§OWnetream power eﬁhancement,iaS‘ SR

~well as_other less frequently enoounteredﬁprojeot impacts. ©
. 4

In at leasi one tase -- that of hydro power benefits --

what originated as a ancillary benefit in the cdse of ~* "'

Army Corps Fflond control projects and Bureau of Reclamation

- irrigation proiscis has become a primary project purpose. ‘-

Ancillary bDenefits have become increasingly important
in project justification over the years as earlier public’'”

projects have nra-empted the latter investment opportun-—-

ities witthiéhef'b/c'ratios. As the better‘opportunities"”';Z'

have been e10101ted, however, emphasxs upon multl purpose
development 1nvolv1ng hydro power productlon has nelped
Sffset the derrmased return from flood control. and irriga-

tion investments. 1In other words, when a project could

not pass the L/ tcst on the merits of its primary purpose,

adding anpillaxy‘benefits was a means of raisiny above

unit?ﬁ”‘
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A classic case of project justification relying
heavily upon ancillary benefits is the Cross~Florida
Barge Canal project. That this federal undertaking was
abruptly halted by President Nixon, after it had been
more than a century awaiting approval, 1n nc way dimin-
ijshes its relevance as illustration of what can be
achieved in benefit-cost analysis wita what may be called
aggressive benefit recruitment. During James Monroe's
administration in 1824 such a canal was proposed to improve
mail service between New Orleans and the East Coast and
to protect shipping from West indies pirates. Later, in
1850, the War Department authorized a survey of a possible
canal route, but this was interrupted by the Civil War.
Finally, a survey was completed in 1911, and a report
which was issued in 1913 found the projected 515,538,000
investment in the canal entirely unjustified on military
or commercial grounds.

'During World War II, when the Atlantic submarine
menace was at its peak, a cross-Florida canal was urged
as a means of protecting shipping from the Gulf to the Eest
Coast. This led to Congressional authorization of the
canal in 1942 -- by a vote margin of one -- and tne Army
Corps estimated the benefit-cost ratio for the project at
0.18 to 1, a payback of eighteen cents for every dollar
invested, certainly one of the lowest benefit cost ratios

in recent times. (This is not an 18 percent return on
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- undertaken during the war. Instead, an oil pipeline

. i . : . s
- revival of the project. However, the earlier benefit-cost

ratio of 0.18 to 1 was a compelling argument against ap-

bad to worse when it was brougnt up to date in 1962 em-

~ i

. ) i . B .
investment; it is a loss of 82 cents.on every dollar in-

vested.) -

4

The Cross-Florida Canailwas'nog‘justified by the

Army Corps' feasability study, and the canal was not

across Florida was constructed in less time and at a
fraction of the canal's estimated cost. . But the quld
War II Congressional authorization for the canal was not

. . H
rescinded, and it became the basis for President Kennedy's

propriate federal funds for the project.: If the project
were. to be taken off the Army Corps; shelf, something had

to be done.

Lo 4
Fortunately for the Kennedy Adminisitration, thglproject
had been refigured in 1958, and the addition of such
o
ancillary benefits as "recreational boating" and "commer-

cial fishing boat passage,” in addftionéto the more directly
related "tranéﬁbrtation savings," raised the benefit-cost
ratio to 1.05 Eo 1 == hardly impresbive; bu; at least not
ludicrous. Still, the economic feasipility of the Crpss—

Florida Barge Canal project was margina¥ at best and not

1

- likely to withstand the competition for .appropriations when \\_

it was considered by Congress. Moreover, the ratio from

ploying a discount rate of 2 5/8 percent instead of the
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earlier 2 1/2 percent rate. The acknowledgement of higner
construction costs further depressed the chances of sur-
vival. Nevertheless, the project was presented to Congress
in the fiscal 1962 budget. It was not funded and a re-
study was ordered.

In the restudy, it was rescued by ancillary benefits.
Two new benefit categories were added, flood control and
waterfront-land value enhancement, and the benefit-cost
ratio was refigured for a hundred-year life in addition to:
the earlier fifty-year life. The result was predictable.
The benefit-cost ratio moved upward: to 1.2 to 1 when the
project's life was fifty years and to 1.6 to 1 when it was
raised to one hundred years. Dredging the canal started
March 1, 1964, but somewnat less than eignt years and 70
million dollars later, President Nixon brought tne project
to a halt in 1971, when it was one-third completed. He
acted in part in response to mounting public concern for
the environment and in part because of a mix-up involving
the Council on Environmental Quality. Later court review
of Nixon's impoundment of construction funds for the Cross-
Florida Barge found that the President without legal author-
ity to terminate an undertaking authorized by Congress,
but apparently the Army Corps has decided not to reactivate
the undertaking.

There is more to the Cross-Florida Barge Canal case

than aggressive ancillary benefit recruitment, however. The
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barge canal study employs the alternate-cost approach to

beneflt determlnatlon, whlch has an lnherent tendency to
inflate the benefit figure above its true market. value as
used hy'federal agencies. 1In the case"of,the Cross-Florida
Barge Canal project, for example, the benefits of barge
tran5p0rtation were in effect equatedwwith the cost of
railroad service by deducting the estimated barge rates

on the canal froé existing railroad rates.: Railroad rates
are almoet witho&t exception higher than barge rates =-
sihce both the costs of providing the two services and

the oharacter'of!the serﬁices are differeht -- which means
that ahch a baéis for benefit determination virtually
assures a favoraole benefit-cost ratlo.

But Florida is far from New England and some may
queatlon whether such aggressive benefit recruitment and
bﬁilt-ln henefitienhancement.can hapgeh here. A olahce at
the chkey—Linooln School Lakes project in northern Maine
SNOwWs two anciliary benefit categories that contribute

i

importantly to the above-unity outcome of that project:

downstream beneflts and redevelopment beneflts. As you all

know, the St. John river has a high sprlng flow and a trickle
the rest of the year. chkey-Llncoln will impound the heavy
spring runoff and regularize the river'séflow over a longer
period, leading to greater.output oﬁAhydro poWer at New
Brunswick power installations. It is assumed that a'portion

of that 1ncreased New Brunswick output will be sold in the

K
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United States, increasing our power supply. ' This Canadian
power-import is figured as a $3,500,000 annual benefit
attributable to Dickey-Lincoln. No associated cost' for
imported power -- marginal or otherwise ---is assessed
against the downstream output increase.

Redevelopment benefits are also necessary for a
respectable Dickey-Lincoln b/c ratio. With downstream ahd
redevelopment benefits, Dickey-Lincoln achieves a 1.2 to 1
ratio at a discount rate of 6-3/8 percent. Without these
ancillary benefits, the project drops to a b/c ratio of
1.1 to 1} an uncomfortably low score particularly at a
time when the interest rate stands a 15-1/2 percent in
contrast with the project discount rate of 6-3/8. Some may'
be unfamiliar with the concept of redevelopment benefits,
sometimes called simply "development" benefits. In the
penultimate draft of the . Dickey-Lincoln Environmental
Impact Statement, redevelopment benefits were labor expend-
itures during project construction and project operation
and maiﬂtenance during the 100-year project life. Note
that not only are labor costs during the construction perioh
included, but labor outlays for the 100 years over which
the project is presumed toO operate are also included.
Incidentally, these benefits are not discountea over time.
Quite the contrary, they are computed by a formula that
results in higher annual redevelopment benefits as the

discount rate rises -~ $1,691,000 for 3-1/4 percent and
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$2{689,000_f0r 6—3/8‘Qercent. The ratlonale for lncludlﬁq
labor costs as a redevelopment benefit is of course tbaL

in a dist ressed ecéﬁomlc area such a project nahpg a new;i
contributicn to the eronomlc output of the area. The '
guestion fnat must be asred however, is whether there

are offsetting costs, such as the reduction in opportupiéiés
for woods work because of the project's construction“and
whetheor thﬁ labor force is recruited completely from tbp_
dlstreaeed area. In any case, the extension of redevelopment
benefits th;oughout the 100~year life of the project appears
to be a forecast that iz as heroic as it is pessimestic.

The question that can not be ignored is whether the
alternaﬁeféost approach tO benefit determination is a
legit;mate basis for economic analysis or merely a strategy
for enaurlng that ben eilts excead costs° Use of a highgr-
cost transportation alternative, such as rallroads, to |
estab;ish canal benefits is clearly inappropriate, espe-

cially since the services are really not the same. The case

of hydro power project justification by higher~cost alter-

nat%ves, such as fossil-fuel power production, is somewhat
less clear. Obviously. it is possible that by judicious
choice of the fossil-funl alternative that an above-unity
b/clratio for the hydro project can be virtually assured.
For example, the Atomic Industrial Foruvm found the range of
non-hydro kwh costs in 1978 to be 1.5¢ for atomic power,

2.3¢ for coal, 2.5¢ for natural gas, and 4¢ for oil. 1If
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the oil alternative is chosen for benefit determination,
the b/c ratio of the hydro project is higher than if the
atomic power alternative is emploved. The defect of the
altgrnate-cost approach is that it makes péssible the
selection by an agency of other than the 1oweét-cost
alternative. Beyond this, however, the use of the alter-
nate-cost approach in lieu of a marketplace measure can be
seriodusly questioned. Admittedly, regulated utility rates
fall short of a free-market benefit measure at times, but
to a degree the same problem applies to the use of utility
costs as a measure of benefits.

Ancillary benefits pose a somewhat different issue,

-~

not so much a question of whether their use in general is
legitimate but rather whether particular anciallary benefits -
are really justified. That is, a public investment project . ?
can reasonably be expected to serve a broader purpose than |
"a private unéertaking, but this hardly justified the in-
clusion of béﬁefits mainly to support an otherwise deficient
or mﬁfginal public project. Finally, if the b/c analysis
is to answer the question of whether it is economically
"Lgesirable to shift resources from the private sector to the -
public sector of the economy, the public project must demon-~
strate an efficiency equal to that of private investment.’
This means, among other things, that relying upon higher--
cost alternatives as a measure of benefits and proliferating
questionable ancillary benefits turns the project report into i+

an endorsement, albeit ingenious at times, rather than economic- analysis.
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A PrIVATE PerSPECTIVE ON WATER INVESTMENT
Decisions IN THE PusLIc SEcCTOR '

BY
WitL1am H. BEARDSLEY
- AssISTANT 70 THE PRESIDENT
Bancor HyDro-ELecTRIC Company

RELATJ.V’“ pRICE SHIFT ANALYSIS, A REFINE?‘-‘ENT IN LIFE CYCLE COSTING, ATTEMPTS
TO INTERNALIZE INTO THE DECIaION-MAKING PROCESS THE DI FFERENTIAL IMPACT OF
RELATIVE PRICE CHANGES IN COST AND BENEFIT COMPONENTS OVER TINE IN AN INFLATION-
NORMALIZED WORLD, [T 1S A SOUND THEORETICAL TECHNIQUE FOR BOTH THE PLBLIC AND
PRIVATE SECTORS, THE DEGREE TO WI-tICH IT CAN BE PROPERLY APPLIED IN THE REAL
" WORLD TO WATER INVESTMENT DECISIONS INTHE PUBLIC SECTOR WILL 'DETERMINE 1TS
 USEFULNESS. T UNDERSTAND THIS CHALLENGE, IT IS NECESSARY TO CONSIDER THE THEORY
AND THEN THE REAL WORLD APPLICATION, |

Tbe THecRy,
NO INVESTMENT DECISION CAN BE MADE IN ISOLATION. ONE DOLLAR SPENT ON A
'TIDAL PROJECT, FOR EXAMPLE, CANNOT RE .SPENT ON INSULATION OR HYDROPOWER IN A
WORLD OF |_IMITED RESOURCES. HOW .OUR RESOURCES ARE BEST USED IS REALLY A MATTER
OF RELATIVE URGENCY OF THE DEMANDS, PLACED ON THEM AND THE RELATIVE COST OF
PRODUCTION. IN. THE FIELD OF ENERGY, WE MUST FIRST ASY HOW MUCH ENERGY VERSUS
FOOD AND/OR WILDERNESS, AND THEN WE MUST CHOOSE BETWEEN HYDRO, WOOD, OIL, NUCLEAR
OR CONSERVATICN, IN THEORY OUR GOAL IS TO ALLOCATE SUCH THAT MARGINAL SCCIAL
PENEFITS EAUALS MARGINAL: SOCIAL COSTS; THAT IS, THE ‘COST OF THE-LAST I0H F.E?;CM
A PONER PLANT EQUALS ITS BENEFIT. IM A RESOURCE-SCARCE WORLD FILLED WITH \
ALTERNATIVS, HOWEVER, OUP ACTUAL GOAL.IS TO ALLOCATE RESOURCES TO ALL USES SUCH )
THAT THE RATIO OF MARGINAL BENEFIT TO MARGINAL COSTS FOR ALL USES ARE EQUAL.
OTHERWISE, SHIFTING GME DOLLAR FROM ENERGY TO PAPER PRODUCTION CR POPCORN WOULD
MAKE SOCIETY A LITTLE MORE SATISFIEL,




[N THE REAL WORLD, THE INVISIBLE HAND OF FREE-MARKET FORCES DOES NOT WORK
QUITE IN ACCORDANCE WITH THEORY DUE TO WHAT CAN BE CALLED EXTERNAL ECONOMIES OR
DISECONOMIES. AN EXTERNAL ECONOMY 1S WHERE, AS A BYPRODUCT OF PRODUCTION, A
FIRM MIGHT RENDER A SERVICE TO ANOTHER FIRM WITHOUT BEING ABLE TO APPROPRIATE
TO ITSELF THE VALLE OF THE SERVICE. ALLAGASH CANOERS, FOR EXAMPLE, INDIRECTLY ‘
BENEFIT FROM THE WATER STORAGE AND DISCHARGE POLICIES OF PAPER AMD POWER }
coMPANIES, CONVERSELY, THERE MAY BE EXTERNAL DISECONCMY IN THE USE OF A RESOURCE ‘
WHIGH IS FREE, SUCH AS WATER, BUT NEVERTHELESS SCARCE. HENCE, INVESTMENT =
DECISIONS IN THE REAL WORLD ARE DISTORTED BY SUCH IMPERFECTIONS IN THE MARKET
PLACE.

AND JUST WHAT IS AN INVESTMENT? CLEARLY IT IS THE ACQUISITION OF A
PREVIOUSLY PRODUCED ASSET, SUCH AS ELECTRICITY TO A HOMEOWNER, OR A DAM TO AN
ELECTRIC UTILITY, BUT AN INVESTMENT ALSO INCORPORATES TIME, FOR THE COSTS OF
PUTTING TOGETHER AND RUNNING AN INVESTMENT INVOLVES COST INPUTS AT DIFFERENT
TIMES AND A STREAM OF BENEFITS OUTPUTS AT OTHER TIMES. IN A SIMPLIFIED WORLD,
WHAT JOHN SMITH DOES NOT CONSUME, HE INVESTS IN THE FORM OF TAXES, STOCK, ETC.
INVESTMENT. REFLECTS HIS WILLINGNESS TO PUT OFF CONSUMPTION TEMPORARILY IF THERE
IS SOMETHING IN IT FOR HIM - NAMELY INTEREST; THAT IS, THE RETURN ON ONE DOLLAR
LENT FOR ONE YEAR, ADEQUATE INTEREST 1S DETERMINED BY A RISK PREMIUM FOR DELAY
PLUS A PSYCHOLOGICAL PHENOMENON WE CAN CALL TIME PREFERENCE, [HE DISCOUNT RATE
IS SIMPLY THE VALLE OF A FUTURE DOLLAR IN TODAY'S CONSUMPTION. [N THE REAL
WORLD, THE DISCOUNT RATE AND INTEREST RATES MAY DIFFER DUE TO THE IMPERFECTIONS
OF THE MARKET, WHILE IN A TRUE FREE-MARKET WORLD THEY WOULD BE THE SAME.

WITH THIS FRAME OF REFERENCE, THE APPLICATION OF RELATIVE PRICE SHIFT
ANALYSIS IN THE REAL WORLD CAN BE CONSIDERED.

IHe Real Worip APPIICATION
FIRST, COMPARISONS CF ALTERNATIVE ENERGY PROJECTS, WHICH DO NOT CONSICER
THE IRREGULAR STREAM OF COSTS AND BENEFITS OVER TIME, CLEARLY FAIL TO MEET THE
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TIME CRITERIA (OF INVESTMENT THEQRY. OIL MIGHT :BE CHEAPER THAN TIDAL POWER IN
THE :FIRST YEAR, ‘BUT NOT OVER THE LIFE ‘OF THE ‘PLANT, HENCE THE ‘VALUE OF (LIFE
CYELE CosTING.  To WORK PROPERLY,, ‘HOWEVER, "LIFE (GYCLE :COSTING :MUST :BE ‘BASED .ON
/A $SINGLE ‘DISCOUNT RATE ‘FOR THE |SIMPLE REASON THAT JOHN SMITH HAS A GIVEN i

e g ¢ iy
hd
H

\@FRORTUNITY COST /ASSOCIATED WITH -POSTPONED .CONSUMPTION {FOR (ONE YEAR, TO-THE ‘ @
/ARGUVENT THAT :PUBLIC INVESTMENT TS LESS :RESKY AND, HENCE, ‘A 'LOWER ‘DISCOUNT
. JRATE IS IN ‘ORDER, ‘ONE ‘CAN ‘SIMPLY ‘OBSERVE "THAT, ‘IN 'FACT, ‘THE :RISK il ‘ONLY
{PERCEIVED TO BE ::OWER :BECAUSE IT IS 'SPREAD .AMONG (MORE ‘PEOPLE, SECONDLY, THE
“DISCOUNT RATE SHOULD BE RRIGHT. ./ ARTIFICIALLY (LOW PUBLEC ;DISCOUNT :RATE MIS~ |
ALLLOCATES :RESOURGES BY 'SHIFTING INVESTMENT TOO AR .INTO CAPITAL~INTENSIVE
"RENEWABLE /ALTERNATIVES. DUE TO FINANCIAL RRESSURE, THE ;RESTDUAL ‘PRIVATE :SECTOR
NEGESSARILY ‘COUNTERS WITH AN ARTIFICIALLY HIGH DISCOUNT /RATE, SHIFTING
IINVESTNENTS AWAY ‘FROM CAPITAL-INTENSIVE ,-ALTERNAT;.I-MESQ FOR \RELATIVE PRICE .
'SHEFT /ANALYSIS TO WORK 1T 1S :NECESSARY TO APRLY A “;S{INGL‘E,. THEORETICALLY :SOUND 1
‘ESTINATE ‘OF THE {REAL ;DISCOUNT RATE, AN ARBITRARY 6-7/8% DISCOUNT {RATE FOR
{PUBLIC INVESTMENTS /AND A :MUCH ‘HIGHER PRIVATE :RATE IDISTORT :COMPARISONS, iLISING
“EITHER “THE :PRIVATE ‘OR ‘PUBLIC DISCOUNT RATE ‘FOR ‘AL ALTERNATIVES (MISALLOGATES
RESOURGES, THE :SOCIAL .DISCOUNT RATE FALLS SOMEWFERE iIN BETWEEN, T
1A 'SECOND [POINT IS THAT ‘OPTIMAL !:RESOURCE ,ALLOCATION 1S REALLY A :MATTER ‘OF ¢
MWELIEARE ‘ECONOMICS /AND :GENERAL EQUILEBRIUM THEORY. 10 LiIMIT /A ;RESOURCE
/ALL:OCATION -ANALYSIS TO A :COMPARISON .OF , :SAY, TIDAL 'VERSUS :COMBINED :CYCLE OIL, ! : |
IUSTNG REALTGIVE ‘RRIGE SHIFT ANALYSIS ‘OR WHATEVER, 1IS ANSOUND “THEORETICALLY. A 1
\WHTTLE HISTORY :BRINGS THIS POINT HOME, IN 1350, 60 PERGENT OF ALLENERGY IN
THE 'U\S. ‘GAME FROM 1OOD AND OUR :FORESTS ‘WERE VANISHING, 'BY 1910 , .60 PERCENT N
{CANE ;FROM .COAL., /AND :Now 60 PERCENT 'COMES .FROM fG;AS AND OIL. EDISON WAS ONLY
THREE IN 1850 AND THE FIRST CONTROLLED CHAIN:REACTION ‘CCCURRED ‘ONLY ‘FORTY YEARS

/GO, ToDAY, WE 'SEE ;AN ‘EXPONENTIAL GROWTH .IN TECHNOLOGY, WITH SOLAR VOLTAICS,
- "BREEDER REACTORS AND EFFICIENT -WOOD FURNACES. :ENERG\EfFREE WINDMILLS- DISTRIBUTED
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AROUND MAINE CAN SUPPLY POWER AT A SIGNIFICANTLY RELIABLE CAPACITY FACTOR. 10
LOCK IN AN ALTERNATIVE, SUCH AS COMBINED CYCLE OIL, FOR 100 YEARS BECAUSE A
TIDAL PROJECT IS LOCKED IN FOR THAT PERIOD, SIMPLY DOES NOT MAKE SENSE. IN
ADDITION, WHETHER INTENDED OR NOT, FREEZING A TECHNOLOGICAL ALTERNATIVE
UNNECESSARILY, AUTOMATICALLY CREATES A BIAS TOWARD A LONG-LIVED OPTION.
CONVERSELY, BEYOND A RELATIVELY FEW YEARS INTO THE FUTURE, SAY 30 YEARS,
CONFIDENCE WITH WHICH ONE CAN ESTABLISH A RELATIVE SHIFT WEAKENS SIGNIFICANTLY
AS ONE COMPLETES A CYCLE OF TECHNOLOGICAL FIXES, AND RELATIVE PRICE SHIFT
ANALYSIS BECOMES A REDUNDANCY., [N SHORT, RELATIVE PRICE SHIFT ANALYSIS MAKES
MORE SENSE IN THE SHORT RUN THAN IN THE LONG RUN, AND SHOULD BE APPLIED TO AS
BROAD A RANGE OF ALTERNATIVES AS POSSIBLE.

A THIRD CONCERN CENTERS ON THE RISK THAT IN OUR PREOCCUPATION WITH CREATING
AN EVER MORE REFINED MODEL, WE MAY NEGLECT TO CALIBRATE THE IMPUT. TAKE
EXTERNALITIES, FOR EXAMPLE, (ONE COULD HYPOTHESIZE THAT INCORPORATED IN THE
OIL PRICES IS A PROHIBITION ON OIL DRILLING ON THE GEORGES Banks, YET THOSE
SAME FISH USE PassaMaquopDy BAy AS A NUTRIENT-RICH, SAFE NURSERY WHICH WOULD
BE COMPROMISED BY A TIDAL PLANT, CONVERSELY, IF JOB CREATION WERE INTERNALIZED
AS A BENEFIT, A WOOD-BURNING POWER PLANT MIGHT PROVE THE BEST OPTION FOR POWER
IN MAINE, BY FAR, RELATIVE PRICE SHIFT ANALYSIS MUST INTERNALIZE OR EXTERNALIZE
THE SAME BENEFITS AND COSTS FOR EACH OPTION AS WELL AS WEIGHING EQUALLY FIXED
AND VARIABLE INPUT, FOR EXAMPLE, INTERNALIZING SUCH FIXED EXTERNAL ECONOMLES
AS A BRIDGE ACROSS THE DAM WHILE EXTERNALIZING SUCH VARIABLE EXTERNAL
ECONCMIES AS JOB CREATION FROM FUEL PRODUCTION, CREATES A DISTORTION TOWARD
CAPITAL~INTENSIVE PROJECTS AND VICE VERSA.

To SUMMARIZE, RELATIVE PRICE SHIFT ANALYSIS SEEMS MOST APPROPRIATE FOR
THE SHORT RWN. [T APPEARS THEORETICALLY SOUND IF APPLIED PROPERLY, BUT
POTENTIALLY SUFFERS, IN PRACTICE, FROM SUCH ARTIFICIAL CONSTRAINTS AS AN
ARBITRARY DISCOUNT RATE, AN INABILITY TO FORECAST PAST A PERIOD OF TECHNOLOGICAL
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FIXES, AND A TENDENCY NOT TO- STANDARDIZE EXTERNALITIES OR TO CONSIDER A WIDE

1

RANGE OF ALTERNATIVES. . o L |
‘ONE INTERESTING APPLICATION OF THIS TECHNIGUE MIGHT BE A COMPARISON OF
SIMILAR CAPITAL INTENSIVE ENERGY FREE HYDRO PWOER PROJECTS IN A SINGLE ngsmw,
SAY THE STATE OF MAINE, WHERE ALL PROJECTS HAVE AN lm-YEAR LIFE AND FOR WHICH
A COMON "SOCIAL" DISCOUNT RATE IS USED. SIES'WGING FROM LARGE AND SMALL
TIDAL TO LARGE AND SMALL, EXISTING AND NEW, RIVER HYDRO COULD BE RANKED FOR
ENERGY AND BASE LOAD APPLICATIONS, THOSE AT THE TOP OF EACH RANKING COULD THEN

BRE COMPARED WITH THE APPROPRIATE BEST MIX OF WINU’\ILLS; NUCLEAR, PUM’-" STORAGE;

© COMBINED CYCLE OIL, WOOD, AND CONSERVATION OPTIONS OVER A TECHNOLOGICAL FIX

PERIOD OF, SAY, 30 YEARS, SUCH AN ANALYSIS WOULD PRODUCE THE SAME RESULTS
! : : . :
FOR BOTH THE PUBLIC AND PRIVATE SECTOR. | I o [
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Forecasting the associated costs and benefits of a proposed
power project is as fraught with uncertainties as the forecasts
of energy consumption or demand, upon whiich the need for that energy
facility is predicated. Each involves assumptions of certain trends ~
and relationships among variables, énd most, if not all, of these ™4
gssumptions are based upon historical experiences and observed
behaviors. A common and valid question asked frequently teoday,
however, is "will the future be like the lpast and, if so, to what
degree?" It is my contention in this paper that the future will
not be like the past, and that the formerly acceptable assumptions
used in evaluating energy facilitieé, both in the determination of
need and in the relative com@arisbné among various available alter-
natives, are no longer valid and applicable.

Many advances have been made iﬁ modeling capabilities, computer
techniques, statistical forecasting-methdds, and other analytical
tools that are essential to energy facility evaluation. Much re-
search has been done on behavioral analyses, econometric relation-
ships, consumer preferences, and the various parameters that de-
termine energy demand growth, the need for power, and consumer re-
sponses to energy pricing. The Arab-OPEC oil ewbargo of 1973-74,
continued OPEC oil price increases since:that time, heating oil,
kerésene and gasoline supply uncertaintiés of the past year, as

well as the current Iranian crisis, haveiall taught us, or should -

have taught us, the precariousness of our present energy situation.

As a nation, we can no longer afford to depend upon external sources™
for our energy supplies. Environmental realities of dwindling land
i o
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resources; the encroachment of civilization on the precious little
remaining wilderness areas; air, land, and water pollution problems, as
well as difficulties with nuclear safety and radiocactive waste dis-
posal, have pressed home the inherent dangers of continuing on our
present path of energy development.

Why, then, do we continue to cling to an outmoded and outdated
method of economic evaluation of our energy facility projects, the
method of 'static' economic analyses and overly simplistic cost-
benefit analyses that fail to recognize the dynamic nature of our
modern economic society, that fail to recognize the new "energy
economics' of the post-embargo, environmental awareness era, and
that fail to recognize the advances made in statistical and econo-
metric analysis techniques in the last decade?

Why, to press the point a bit further, do Federally-mandated

_procedures for.Federally funded projects fail to recognize the

national balance-of-trade deficit that is caused primarily by the ‘

purchase of foreign crude oil from Arab-OPEC nations, and is there

no procedure by which such externalities can be incorporated into

energy facility evaluation with appropriate economic values assigned?
To return to the case at hand, the incorporation of relative

price shift analysis into the Cobscook Tidal Project evaluation is,

at least, a step in the right direction. This change in evaluation

procedures at least partially recognizes one of the factors that

I have discussed above, that of the "new energy economics' that

was so precipitously thrust upon us in 1973. However, this relative

price shift analysis is only a first step to bringing energy facility

evaluation methods up to where they need to be to fully consider the

ramifications of energy project development.
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The Maine Office of Energy Resources has long championed the

concept ‘of life cycle costing for energy project evaluation. We
have recognized that, as non-renewable resource stocks are.de- ~

pleted, as'exploratioﬂ and recovery costs of the remaining:fossil

fuel reserves increase at a more‘rapi& rate than the general rate
of inflation, and as nuclear power plant costsicontinue to escalate
with more stringent safety fequirements and the lconcomitant:con-
struction standards and gquality control and qﬁality assurance pro-
cedures, a more realistic evalﬁation method was required for energy
projects than the previously accepted ""static" analysis procedure
that had sufflced through an era of relatively.modest (1-3% annually)
inflation rates and declining real and relative energy prices.
Even given the ‘uncertainties of forecasting the assotiated relative
prices for the Variousiélternative energy -developments, the assump-
tion of no relative price shifts is at ledst as uncertain and, in all
probability, much less realistic in view of the 1973-1979 éxperiences
and most credible energy price forecasts. ' What remains to:be done,
perhaps, in the relative price shift analysis, is to attach degrees
”Qf_risk, or uncertainty, to the various price differentials, and to
run sensitiviﬁy tests on the differential ‘escalation rates so that
dégreeé of exposure to potential uneconomic allocation of resources
may be ascertained. Arxmed with this information, decision makers
could then make.more informed choices betwéen the alternatiﬁes _
presented. ' : | g
| But, even this method will not provide for “correct":decision
making, for we have not yet accounted for. the external balance-of-
'Payments or environmeqtal-impact factors, and these must, somehow,
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be incorporated into the evaluation, in a qualitative, if not a
quantitative, way. .

- .Are we ready yet to -make a decision and/or fécommendation on
the project?  No, we are not, 5ecause now we come up against the
Water Resource Council's.principles and standards which do not
specifically permit the. use of relative price shift analysis in -
determining the project's benefit-to-cost ratio, where these standards
state "relative price relationships and the general level of prices

prevailing during the planning study will be assumed to hold

-

ggngrqlly for the future, except where specific studies and con-
s;derapions indicate qtherwisé." The difficulty here éppears ﬁo
lie in phe lack of a guideline by which the appropriate relative
priéé differential escalation rate may be selected as é basis for
project evaluation. In this régard, and on this specific:project -
the Cobscook Bay Tidal Power Project - the Army Cprps of Engineers
has apparently done all it can do within the framework of its
operating mandate. It has evaluated the project in seperal con-
figurations and at several differential escalation f;tés, some
combinations of which produced BCR'S in excess of l.‘ Now{ however,
the Corps has no authority to say that the dif%erential escalation
rate for oil that produced the 1l-to-1 BCR (approx.éi) is the
appropriate rate to select for justification of continuétion of

the project. It would appear that an appropriate activity for this

steering committee would be to come up with proposed guidelines to

.-present to our Congressional delegation whereby the WRC's principles
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and standards'might'be'approptiately moditied to reflect some
realistic differential price escalation rate. Congress should.
be urged to adopt éuidelines that reflect ‘current priorities in
energy devefopment, viz., reduction of Ametica's dependence on
imported foreign'oetroleUm and development: of non-polluting,
nflati n-resistant‘indigenous energy resources. Relative

price shift analysis of long-lived water resource projects. is

one method of achieving this objective.

Further wotk remeins to be done; however, on such items as’
FERC's quidelines for evaiuatiné alternatives for the determina-
tion of an appropriate benefit Stream. Specifically, again in
the 1nstant case of Cobscook Bay, it would: seem that the appro-
jprlate alternatlves are neither base-load nuclear power plants
. nor peak1ng gas turbines or combined cycle plants. Tidal
Aplants cannot compete economically with the former due to the
nuclear advantage of very low energy costs and they cannot
comoete w1th the latter due to the gas tumhlne s advantage of
'very TOW capltal costs. The most approprlate comparison, it
would seem, would be to evaluate the tldal project on the
‘basns of displaced 011 consumption for electric generation,
and to make this evaluatlon with realistic world oil prices.
Current world 0il prlces are already at levels, for example,
that the study does not 'have them reaching until well into
the 1990 s. The oil prices used in the projections are com-

pWeteiy snrealistic and should be updated’ before any recommenda—

tions regarding the future of this project is submitted to

Congress.
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It is particularly important from éhevétéﬁaﬁoiﬁtudf the
New England region in general, and the State of Maine in
particular, that appropriate evaluation criteria be used in
analyzing this project. This region is the most dependent on
uncertain foreign oil supplies, and pays the highest energy
prices, of any region in the country. We are the most sensitive
to the instability of our foreign oil supplies, and their ever-

increasing prices. It is only appropriate, therefore, that

we should take the lead in d;giﬁé an updating'of the proce&ures
and criteria for assessing long-term capital investment in
public power projects.

If the Army Corps of Engineers cannot make such a recom-
mendation in its tran;mittal of the results of this analysis
to Congress, then it is encumbent upon the steering committee,

and political and business leaders throughout the region, to

make this recommendation, and in the strongest possible terms.
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a report which stated that, "Although tidal power appears to be attractive to

_ nary Report on the Economic_Analysis of the Project, was expected to serve as a

‘tions. The results indicated that the economics for tidal power projects progress-

RELATIVE PRICE SHIFT ANALYSIS VERSUS LIFE CYCLE COST
ANALYSIS: A CASE EXAMPLE ’

BY, DR. NORMAND LABERGE

. The U.S. Army Corps of Engineers, New England Division, recently released

many, it is still not justified in accordance with thée Water Resource Council's
guidelines”. The report on the Cobscook Bay Tidal Power Project titled, Prelimi-

prelude to an extensive three to four year investigation of the proposed All-Ameri
can tidal project. The conclusions reached by the Corps of Engineers might
seriously affect the prospects for the construction of a large tidal power project
in Cobscook Bay. )

The Corps of Engineers report contains some favorable comments that could
lead to a different interpretation based -on relative price shift analysis if
the results are reconsidered in terms of the project' s long~term benefits. Some
of these points are described below;

~ if the Cobscook Bay Tidal Power Project had been built in 1936, the cost
of energy would have been 0.78 ¢/kwh which is gquite low when compared to
today s production costs from conventional sources

- relative price shift analyszs which takes Jnto account the net fuel esca-
lation rate referenced to the rate of inflation indicates ‘that various
projects could achieve benefit-to-cost ratios approach;ng un;ty for their
respectzve years of operation ,

- the fuel cost for the alternative (combined-cycle plant) ‘compared to the
proposed tidal project will probably continue to rise more rapidly than

~ the rate of general inflation

The prediction of future economic trends and the ava;labzl;ty of future energy
supplies encompasses drastic assumptions which add uncertainty to ang form of eco-
nomics based on life cycle cost analysis or relative price shift analys;s. However,
historical evidence and the desired transition to a less ozl-dependent economy will
most likely constitute the necessary drive to uphold the pertinent assumptions into
the near-term future (1990-1995).

Relative price shift analysis was performed for the various plant configura-

ively improved with time due mainly to the renewable nature of tidal power

production; i.e., no fuel cost. The latest Corps of Engineers report contradicts
an earlier study prepared by the Stone & Webster Engineering Corporation for the
U.S. Enerqy Research and Covelopment Administration (ERDA, March 1977).. The ERDA
report using life cycle cost analysis estimated a’l5 year break-even perzod for a
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150 mv powsr plant at Cooper Island for a 7% inflation rate. The inflation rate
a5 assessed uniformly for all cost compeonents and did not include a fuel esca-
sion rate above inflation, Project economics in the Corps' report.should have
mprovad the earlier findings for the foilowing reqsons- (1) higher power benefits
ir/kwh versus 2.12¢/kwh), (2) longer project 1i (100 vears versus 50 years}),
roduced project cost for turbines and dams, and {4) the use of escalated fuel
ot xates. The Stone and Webster report stated in 1977 that, "In comparing the
arious electric power generation options available in New England at this time,
is concluded that a tidal power plant in the Quoddy area would be a valuable
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The purpose of this paper is to show the relationship between the general
rate of inflation and a fuel escalation rate. When analyzing project economics

it 17111 be shown that the assumptions used in relative, price shift analysis have
*o include a statement on the presence or absence of inflation. A simplistic

model will be used to identify and quantify the diffefences that are intrinsically
“involved in life cycle cost analysis and relative price shift analysis. This dis-.

wussion will not focus on the methodology, but will lnstead concentrate on related,
barameters - present value and the benefit-cost ratio - that illustrate the basic
differonces between the two forms of economic ana1951s.

The case example used in this paper will be the qbose bPoint site one of the

various tidal power configurations considered by the Corps of Engineers for Cobscook

gagq The proposed Half-Moon Cove project will also be referenced with respect to
2 demonstration objectives of tidal power development.

Present value of net benefits is a term used to détermine the future worth of
an investment at the end of a certain time period. Appendix I describes the deri-
vation of an equation-used to calculate the present value of net benefits for a
tidal project. The important point to note is the fact that net benefits includes
mivp components - an inflatjon-independent term and an expression related to the
rate of inflation. The following calculations will be used to illustrate this
difference.

The discount rate used in the expontentially'declining function for present
e was adopted in accordance with the criteria developed by the Corps of Engineers.
fo .low1ng discount rates were assumed for marmetrates with no 1nf1at10nary pre-

tldal project: 0.06875
cqmb;ned'cycle. 0.10500

e

The choice of an appropriate discount rate is crltlcal to the determination of
benafits and costs for future time periods.

4

_Téble 1l lists the results for the present value cdalculations determined in

-accordance with the appropriate formula (see Appendix ‘II). These calculations

yamn rerformed on, the basis of the folliowing information;

: ‘2 z. . _
1. Cost Zstimates, Corps estimates' were used for Goose Point and
presented in terms of production values: i.e., cent/kwh
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c - fuel cost (56.9%)

2. Benefit Criteria, a combined cycle plant with a total production
cost of 3.1¢/kwh was used as a comparable producer. The distri-
bution of production cost was calculated in agrecment with an
earlier report(z}revised toc reflect the following distribution

- fixed charges (39.8%) . |
- operation & maintenance {3.3%)

A heat rate of 9,000 BTU/kwh was used for hypothetical plant.
It should be noted that the adjusted fuel cost trans laCes into
an equivalent cost of $§11.42 per barrel of 0il (5.825(¢10%) BTU/
barrel) . N
3. Production Data, the Gocse Point plant would have an installed
capacity of 135 mw and a capacity factor of 0.396. Other bene-
fits are indicated on Table I as footnotes to the present value
..+, “calculations. ) . i . , o

The results clearly point the impact of inflation on the present!value of
project benefits and costs. L As an example for the year 2017, a fuel escalation
rate of-1% in addition to a 4% inflation rate would decrease the present value
of the combined cycle plant from 0.21¢/kwh (no inflation) to 0.16¢/kwh. Similarly,
the value of the tidal project would decrease from 0.78¢/kwh. The d;fference in
the corresponding. net benefits is the most important parameter for this dzscusszon.
The effect of inflation has decreased the margin and has therefore improved thq !
relative merits of the projects. The differences in project lifotimel (i.e., 100
years versus 30 years) is evidenced for the projected benefits for the year 2018.
The long term benefits for the longer tidal plant lifetime can be appreczated by
this  formulation.

l
. The discount rates used for the previous calculations did not contain any . - -
inflationary premiums. The correctness of this methodology has been described .
in Appendix I on the basis, of the independence of inflation for the fixed charge
costs. The results indicate the Importance of stating the Anflataonary conditions
on the calculation of present value and also emphasizes the ut;l;zatzon of the %
proper discount rate. r :
1t - S

. The benefit-cost ratio is the other parametcr used to d;ffErent;ate theA
resalts oflife cycle cost analysis and relative przco shift analys;su The
equations used for these calculations are depicted in Appendix II. Two cases

.will be considered in this paper; i.e., pre- const:uctzon and post-construction,

!

1

The results for this analysis arc listed in Table ? for the same condzt;ons
previously assumed. Three different criterias for tidal power value were used
for these calculations as described bclow:

1. Comparative value of combined cycle plant (3.1¢/kwh distri- ' L o
buted in accordance with previous assumptions) " T ..
; ~ . s
©o2, 0il replacement value of 2:549¢/kwh which translates. into ot
an equivalent cost of §16.50 per barrel. Spccxflcatzons :
for the plant are once again 9,000 BTU/kwh and 5. 825(10 ) Yo

]

BTU/barrel ) oy

:
- L ‘o
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3.. 0il revlacement value of 3.1¢/kwh for an equivalent
basis of $20.07 per barrel under the same operating
" econditions.,

e use of the above criterias will be discussed later. However, the results z
are obviocusly more favorable if criteria #3 is used. The amount of time required
t0 achieve brezk-~even operations is determined by the occurrence of a benefit-cost

tio greatexr than unity. For example, break-even operation occurs between the
years 2000 and 2010 (approximately 2006) for a 4% inflation rate and a 1% fuel
ascalation rate if we use criteria #1 for tidal power value.

The benefit-cost ratic should thecretically give the same results for an
econrcmic analysis performed either in "current-prices" or "constant-prices".
Relative price shift analysis is presumably adapted to present "constant-prices"
under steady price or inflationary conditions. However, the assumption of infla-
tion as opposed to steady prices would definitely change the calculation of a
benefit-cost ratio if an inflation independent term exists; e.g., fixed charges
for post-construction conditions. :

The Goose Point project has been used in this paper as a case example to -
illustrate the effect of inflation rates on two important economic indicators -
prasent value and benefit-cost ratio. Another project which deserves consideration
is the Half-Moon Cove site. The comparitive project costs are listed in Table 3.

- For the case of the Half-Moon Cove project, the corresponding cost parameters are
l1isted below; .

- C1 (operation & maintenance): 0.83¢/kwh
2 (fixed charges): 4.49¢/kwh
€3 (1ajor replacement): 0.15¢/kwh

' The pro&uction‘cost totals 5.47¢/kwh which is less than the corresponding 5.70¢/kwh
estimate at the Goose Point site. _ _

" The Half-Moon Cove project has received federal and State of Maine assistance
to conduct an in-depth feasibility study. Besides providing regional: power pro-
duction, the project is also expected to serve demonstration purposes by enhancing

. the technical and economic potential of tidal power. The concept of an integrated
power network:conne¢£ed with a linked basin mode of development offers the potential
to effectively harness the tidal forces of Cobscook Bay and the upper Maine coast.
-The Half-Moon project in addition to the aforementioned benefits will provide em~
ployment opportunities, increase the economic potential for aguaculture development,
research and develop tidal power, estimate possible environmental consequences, and
Serve as a potential catalyst for other tidal projects in the area. :

£&séussion
! The simplistic model referenced in the introductory section of this paper is
pased on a cash flow analysis for the operation of the proposed Goose Point tidal

;Taje?t. Mathermaticgl]y; this typical model is expressed by the following equa-
“10n In the same terminology previously used:- ' ' :

Cy+ 0y + Cy=By+ B, + B, + S o (1)
whare: ~1s either a profit or Toss component. If we let eqgn. (1) represent the
;vqya;]lnq cnn?itions of January 1979, the following equation then applies for the
fardod Fram 1979 to the date of operation for an assumed inflation rate (I) and fuel
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escalation rate (F):

[ C1 +C2+C3 J(1+1)¢ o By(1+I+F)C + By(1+I)C +
+ By(l+0)t + § . . . (2)

where, t, 18 equal to the number of years from 1979. This model negiecu;uo factor

in the cash-flow differential introduced by the construction period. However, once
the plant is placed into operation the fixed charge components are no longer affected

" by inflation. If we let N equal ths number of years from 1979 to plant operaticn
and t' the number of years after plant operation, the following expression ls then

used to represent the resulting cash-flow profile:

[C1+_C _+C3(1+D)Mt’ o [ ye2em)¥*t’ 4 5, 4 5y ).
(1+I) 3 (1+I)
¥t L e (3

where we have assumed that (1+I+F) is equal to (1+I) (1+F). The use of realistic
values for I and P determine the appropriateness of this methodology in evaluating
future project benefitsg.

The difference betwezn life cycle cost analysis and relative price shift ana-
lysig seems to focus on the fuel escalation rate. This difference is the only sig-
nificant alteration to the original ERDA life cycle cost analysis as noted in the
more recent Corps' study of relative price shift analysis. Present value of net
benefits and the benefit-cost ratio ara two terms that have been previously dis-
cussed In terms of its relationship to the rate of inflation and fuel escalatjon.
The fact that the fixed charge cost is independent of the rate of inflation after
the plant is placed into operation has to be properly considered in order to cor-
rectly  analyze the future benefits and costs of the project. In this case,it has
been shown that’ the general rate of inflation will change the calculations of the -
benefit-cost ratio and the present value of net benefits. :

The use of an appropriate tidal power value 18 emphasized by the results of the
benefit-cost analysis appearing in Table 2.. The criteria value of comparative pro-
duction at the combined cycle plant was derived on the implied assumption that
oil ig available at $11.42 per barrel. However, 1t has been shown ‘that based solely
on the oil replacement value, the beneflt-cost'ratics’imp:ové siginificantly for
oil at $16.50/barrel and $20.07/barrel. The figure of approximately $20.00/barrel
was estimated by an earlier study{3) paerformed by myself with the cooperation of
the Bangor Hydro-elasctric Company for the Half-Xoon Cove pbroject, It would seem,
that today when small-scale hydro projects are receiving 4 ¢/kwh for their power,
that this criteria 18 at the very least relevant for reliable tidal power produc-
tion.

Several critical guestions have been raised by the Corps' report. However,
the most crucial assumption revolves around the use of steady prices; i.e., no in-
flation. The results presented in the Corps' report implicitly reflect this assumed
condition. The use of a rrarate 4 %/yr inflation rate drematically change the re-
sults as noted in Tables 1 and 2 for present value and benefit-cost ratio, respec-
tively. The likelihood of continued inflation and fuel cost escalation is highly
probable for ths near future. In order to develop tidal powar, an environmentally
safe enorgy resource, it would seem that the benefits attributed to a demonstra-
tion project should place tho Half-Moon Cove project at the top of priority list,
The time has arrived to actually harness the tidal forces of this region and there-
by realize soms rosults from tha countless numbor of studies conducted on proposed
tidal projects.
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PRESENT VALUE CALCULATIONS . ' e
PROJECT: GOOSE POINT ¥ R '
TIDAL PLANT (¢/KVH) - COMBINED CYCIE (¢/KWH)
YEAR Gy Cp/{I+I) Ca SUM/(14D1) | By (1+F) B)/(l-i-I) - B-.; St/ {14D5)
- I=0.00 = G - - -
F=0.01 . .
~ 1979 .20 5,42 .08 5.70~ 1.76 1:23 -+ -;11 3.10
' 1980 .20 5.42 .08 5.70 1.78 1.23..7 .11 3.12
- 1987 | .20 5.42 .08 5.70 1.91 1.23 . .11 3.25
- 1990 | .20 5.42 .08 4,67 2.13 T 1.23 07 11 2.57
i;h 1995 . .20 . 5.42 . .08 3.35 2.24 .1.23 7 .1 1.61
2000 .20 . 5.42 .08 2.40 2.35 1.23 .11 1.01
2010 | .20  5.42 .08 1.24 2.60 .1.23 .11 0.40
22017 | .20 . -5.42 .08 0.78 2.78 . ".1.23 110 o0.21
- 2018 .20 5.42 .08 0.73. 2.82 . -1.23 . 11 4.16
I=0,00 '
F=0.03 e o _
1979 - | - 20 5042 .08 - 5.70- 1.76 - IL.23- - Il 3.10 .
1980 .20°  5.42 .08 5.70 1.81 "1.23 7 .11 3.15
1987 | .20 ~ 5.42 .08 5.70 12,23 " 1.23 L1 ° 3.57
1990 | .20  5.42 .08. 4,67 2.44 1,23 Jd1 2.80
1995 .20 5.42 . .08 3.35 2.76 . 1.23 .11 1.84
-2000 | .20 5.42 .08 2.40 2.91 1.23 .11 1.16
- 2010 . .20 - 5.42 .08 1.24 3.22 1.23 11 0.46
2017 .20 5.42 .08 0.78 3.45 1.23 A1 0.24
2018 - { .20  5.42 .08 0.73 "3.48 1.23 11 4.82
I=0.00.
F=0.05 - ‘ R -
©TI979 20 5,42 .08 - 5.70 - | 1:76 - 1.23 .11 3.10
1980 j .20 . .5.42: .08 5.70 1.85 1.23 A1 3.19
. 1987 .20 . 5.42 .08 . .5.70 2.60 - 1.23. 11 7 3,94
-1990 .20.  5.42 .08 4.67 3.01 1.23 1 3.22
. 1995 20 .5.42 .08 3.35 3.70 . 1.23 Al . 2,27
- 2000 .20 5.42 - .08 2.40 3.88 1.23 A1 1.43
- 2010 - .20 5.42 - .08 1.24 4.29 1.23. .11 0.57
- 2017 .20 5.42 .08 0.78 4.60 . 1.23 +11 0.30
2018 . .20 5,42 . .08 0.73 4.65 1.23. 11 5.99
NOTES:
1. FIRST YEAR OF OPERATION; 1987
2. DISCOUNT RATE - D-L = 0.06875 (TIDAL)
| = 0.10500 (CGMBINED CYCLE)
< 3. PHJHIH?IJEEEIME - 100 YR. (TIDAL)
30 YR. (COMBINED CYCLE) . )
4. COST ESTHMTES BASED ON CORPS OF ENGINEERS REPORT FOR pREVAILING,chT
Fr“ LEVELS CGF JANUARY 1879
5. I - INFLATION RATE
F - FUEL ESCALATICN RATE ABOVE INFLATION RATE
6. SEE APPENDIX I FOR METHOD OF CALCULATION : ’
TARLE 1
PAGE 2 OF 2
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PERRENT_ VATUE CALCULATTONS
FROGCD: GO0SE POLNT

54

£

1

TIDAL PLANT (&/KWH) COMBINED CYCLE (¢/KWH)

VEAR Cy Co/(14T) Cy  SUM/(1+Dy) |B] (U+F) Bo/(+I) By SUM/(14D4)
i=0.04 '

=0, 01 '

TUA9TY .20 5.42 .08 5.70 1.76 1.23 11 3.10
1539 20 5.42 .08 5.70 1.78 1.23 .11 3.12
1987 .20 5.42 .08 5.70 1.°21 1.23 .11 3.25
1890 .20 4,82 .08 4,18 2.13 1.09 .11 2.47
1285 .20 3.96 - .08 2,49 2,24 0.90 . W11 1.46
2009 200 3.26 .08 1.49 2.35 0.74° 1 0.87
2910 .20 2.20 .08 0.54 2.60 0.50 i 0.32
2017 .20 1.67 .08 0.27 2.78 0.38 L1l 0.16
2018 .20 1.61 .08 0.24 2.82 1.23 .11 4.16

 I=0.04
7=0.03 g :
FEVEI .20 5.42 .08 5. 70 1.76 1,23 W11 3.10 .
1980 .20 5.42 .08 5.70 1.81L . 1.23 .11 3.15
1987 .20 5.42 .08 .~ 5.70 2.23 1.23 L1 3.57
1590 .20 4,82 .08 - -4.18 2.44 1.09 11 2.70
1995 .20 3.96 .08 - 2.49 2.76 0.90 .1 1.70
2000 .20 3.26 .08 1.49 . 2.91 0.74 .11 1.03
- 2010 .20 2.20 .08 0.54 3.22 0.50 .11 0.38
2017 .20 1.67 .08 0.27 3.45 - 0.38 .11 0.20
2013 .20 1.61 .08 0.24 3.48  .1.23 11 4.82
I=0.04
7=0,05 - .
L1270 .20 5.42 .08 5.70 1.76 . 1.23 .1l 3.10
1930 .20 5.42 .08 5.70 1.85 1.23- 11 3.19
1987 .20 5.42 .08 -5.70 2.60 - 1.23 11 3.94
1999 .20 4.82 - .08 4.18 3.01 1.09 .11 3.12
19935 .20 3.96 - .08 2.49 3.70 0.90 J1 0 2.12
2000 .20 3.26 .08 1.49 3.88 0.74 .11 1.29
2010 .20 2.20 .08 0.54 4.29 0.50 L11 0.49
2017 .20 1.67 .08 0.27 4.60 0.38 .11 0.25
. 2018 .20 1.61. .08 0.24 4.65 1.23 .11 5.99
NUTES: - .
7. TIFLATION RATE IS 1 % AFTER 1994 FOR ALL THE CASES CONSIDERED
8. DEFINITIONS INDICATED BELOW:
Cy ~ COST OF OPERATION & MAINTENANCE
Cy - FIXED CHARGES
C3 - INTERIM REPLACEMENT
B] - FUEL COST
B, - FIXED CHARGES .
: By - OPERATION & MAINTENANCE
9. I¥TITAT, POWER VALUE BASED ON A TOTAL VALUE CF 3.1 ¢/KWH AND AN ASSUMED

PUSTRIBUTION AS NOTED I THE REPORT

: TABLE, 1
{ PRCE 1 QF 2
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FUEL ESCALATION OIL REPLACEMENT VAIUE -
RATE (F) YEAR OOMPARATIVE PRODUCTION (3.1 ¢/KWH) $16.50/BBL (2.549 ¢/KWH) _ S20.07/BBL (3.1 ¢/KWH]
- - NO INFLATION 4 3/YR INFLATION "NO INFL. 4 $/YR NO INFL. 4 3/YR | .

0.01 1979 0.54 ~ 0.54 0.45 0.45 0.55 0.55
1980 0.55 0.55 0.45 0.45 0.55 0.55
1987 0.57 0.57 0.49 0,49 0.60 0.60
1990 0.61 0.65 0.54 0.60 0.66 0.73
1995 0.63 . 0.77 0.57 0.77 0.69 0.94
2000 0.65 .« 0.90 "~ 0,60 0.96 0.73 1.17
2010 0.69 1.29 , "~ 0,66 1,52 0.80 1.85
2017 0.72 1.68 - 0,71 2.06 0.86 2.51
2018 - 0.73 2.20 0,72 2,16 0.88 2.62

0.03 1979 0.54 0.54 ° 0.45 0.45 0.55 - 0.55
1980 0.55 0.55 0.46 0.46 0.57 0.57
1987 0.63 - 0.63 0.57 - 0.57 0,69 0.69
1990 0.66 - 0,71 . 0,62 0.69 - 0.75 0.84
1995 0.72 0.89 0.70 . 0.94 0.85 1.14
2000 0.75 1.06 0.74 1.19 0.90 1.45
2010 0.80 1.54 0.82 1.88 1.00 2.29
2017 0.84 2.02 0.88 2.56 1.07 -
2018 0.85 - 2.05 0.88 2,67 1,07 -

0.05 1979 0.54 0.54 0.45 0.45 0.55 0.55
1980 0.56 0.56 0,47 0.47 0,57 0.57
1987 0.69 0.69 0.66 0.66 0.80 0.80
1990 0.76 0.83 . 0.76 0.85 0,92 1,03
1965 0.88 1.11 0.94 1.26 1.14 1.53
2000 0.92 1.34 0.99 1.59. 1,20 1.93
2010 0.99 l.98 . 1,09 2.51 1,32 -
2017 1.04 2.61 v A7 - 1,42 -
2018 1.05 - 1,18 - 1.44 | -

" BENEFIT-COST RATIO..
GOOSE POINT PROJECT

TABLE 2




i
: PEOTECT: GCOSE  POINT HALF-MOON COVE
| | MAINE ~ CORPS DERIVED | - LABERGE
PEQTECT QOSTS
{FANUARY 1979 LEVEL)
£ 18,000,000 1,425,150 1,215,000
TOCKS 7,000,000 - =
GATES 47,150,000 2,200,000 2,546,000
PONERHOUSE 178,600,000 13,370,000 14,972,000
SEPYICE FACILITIES 1,012,500 75,000 -
FRTCCATION 8,500,000 - -
FIZTAYS 2,300,000 500,000 -
BASIC COSTS - 362,562,500 17,570,150 18,733,000
CONTTNGENCY 39,384,375 2,633,520 1,873,000.
iR, , SUPRY,, & ADMIN. 30,194,687 1,757,015 - 1,199,000
REAL ESTATE 1,300,000 500,000 -
SERVICE BEQUIPMENT 600,000 200,000 -
'PROJECT COST 334,041,562 . = 22,662,685 | 22,065,000
CONSTRUCTION 34,448,036 1,558,060 1,395,000
COST OF INVEST. 368,489,599 . - 24,220,745 23,460,000
AMNUAL _QOST
OBZRATION & MAINT. 945,000 70,000 314,000
MRJOR REPLACEMENT 364,500 . . 27,0007 58,000
FI{ED - TNTEREST - 25,366,518 1,665,175 1,642,000
AVORTIZATION 2,160 58,000
TOTAL AN. COST 26,676,018 1,764,335 "2,049,000
PRODUCTION DATA
CAPACTTY (MW) 135 10 .10
CRPACITY FACTOR 0.3%. . . 0.433 |- .0.433
PITWAL ENERGY (KWH) - 468,000,000 37,894,000 | 37,894,000
PEOJECT LIFE (YEAR) 100 100 - ~ 30
TABLE 3
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. assumed to be comprised of three elements - Cjij (operation and maintenance),

Aggendix I

Discussion on Relative Price Shift Analysis
The U.S. Army Corps of Engineers (New England Division) in the report titled,

mpreliminary Report on the Economic Analysis of the (Cobscook Bay Tidal Power)
Project”, state that;

-

®_ .., in the case of general iInflation, it makes no
difference whether we use (1) benefits and costs
all stated in construction period prices and a dis-
count rate containing no inflationary premium, or
(2) benefits and costs in the prices of the period
in which each is incurred and a discount fattor
that fully compensates for the rate of inlatidn.”

However, it'will be shown that this conclusion does not necessarily apply to
some of the cost components for the period after construction.

In this exercise, the prdject_cost, Cj, for each year of operation, i, is

in {fixed‘charges), and C3j (major replacement). Similarly, annual project
benefits, By, when compared to the oil replacement value at a combined cycle
plant are classified as follows; Bjj (fuel cost), B2j (fixed charges), and
B3i (operation and maintenance cost). Therefore;

C; = €14 + C2i + C3i  (A.1)
and

Bj = B}i + B2 + B3i - . (A.2)

If we let Co equal the initial construction cost, then the.present value of
net benefits is expressed as follows:

PV = -Co + (B] =~ C3) + (B2 = Ca) + ... + (By - Cp) (4.3)
(1 +D3} (1 + D1)¢ (1 + D3)”

where Dy is the the discount rate in the face of steady prices; i.e., no
inflation. However, for the case where an inflation rate, I, exists we then
have to use the following expression:

PV = -C, + (B} = C3)(1 + I) + ... + (By - Cp)(l + " (A.4)
(1 + Dy) {1 + Dy)R

where D, is the discount rate derived from the market rates of interest with
an inflationary premium. The Corps assumed that (1 + D2) was equal to (1+I)(]+P})
which reduced the above equation (A.4) to the following form;

PV = =Co + (By = C1)(1 + I) + ... + (Bp = Cp)(1_+ D)7 (A.5)
(1 + I)(1 +Dy (1 + I)n (1 +p)"

and which was then used for the basis for the earlier statement.

But once the plant is in operation the fixed charges remain constant even with
the presence of inflation. The sum of benefits and costs can be broken down
into the following expressions;

By(l + I) = (B1i + B2i/(1+I) + B3il (1 + I) (A.6)
and

C1(1 + I} = [Cyj + C2i/(1+I) + C3;] (1 + I) (A.7)
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. By placing these expressions into the equation fbr present value (A.5) for ‘one

annual cost and benefit component, we then have: o

(3) = C;) (1 + DI = (in1; + mpi/ereid s 331)(1 el oo
71+ )4 (1 +py}3

- (Cyi + Cpi/(2+I)E + C31)(1 + 1)y 1 )
o (1 + I)*¢1 +pp)?

= [(Byj * Ba;) = (Cy; + C313] +

(1 '*Dl)l‘
(85 =~ C2i)] o (3.7)

(1+1)T(1+D] )

The second term o Eqn. (A.7) reduces to [(Bpj - Cpji)/(1 + D3}1] which does con-
tain the inflationary premium built into the discount rate for the prices of the
seligcted time period. The relevance of this corment is noted elsewhere in this
paper; however, it should be mentioned that 827 and C2i can be considered bene-
fits and costs, resuactvze’y, for any year, i, on the basis of construction _
riod estlnztes or for current prices under an assumed inflation rate. The

" compliation enters mhenever construction period pr;ces are used in reference, to

the Dresanco or absense 'of an inflation rate.

The introduction of a fuel escalatlon rate, F, above the general rate of znfla~
tion adds anot her cons:deratzon into these calculatlons, namely;

qu(l + 1 + )t = Byy(l+ i+ mioo- (4.8)
(1 + 1)2(1 + 1)1 (1 + I}+¢1 + 1}1

if &e assume that (1L + I+ F) is equal to (1 + I)(L + F). The relat;ve dlffer-

ence in this assumption is tabulated below for varlous values of inflation and

fuel conl smcalation (?/year)

_ [(1+T+F) /(1+T) (14F) JK.

I F : k= 2 5 10 20
.02 L0l ©.9998  .9996  .9990  .9981 _  .996]
S - ,03 .9994  ,9989  ,9971  ,9943 ° .9886

.05 { 9991  .9981 .9953  .9907 .9815

04 7 01 (9996 .9992  .9981  .9962 = .9924

.03 .9989  .,9978  .9944  .9898 .9778
.05 .9982  .9963  .9909  .9818 .9640
06 .01 | .9994 9988  .9972  .9944 .9889
.03 9984 . .9967 \_.9918 19836 9675
.05 W9973 .9946  \9866  ,9734 .9474
N '
s .05 .9957  ,9914  .9785  .9575 - .9169
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APPENDIX 1L

LIST OF BQUATIONS

A. PRESENT VAIUE CF NET BENEFITS FCGR A SELECTED YEAR

(PVNB) 3 = ( By(1+F)i+ By + By )i 1 -
(I+I)+ (i+Ds)

-(Cy+ C +Cy); 1
L ZI+.1.)E 3 il-i-DlsI
WVHERE: I - ANNUAL INFLATION RATE
F - FUEL COST ESCALATION RATE ASOGWVE INFLATION
i - NUMBER OF YEAR AFTER THE EXD OF CONSTRUCTION AND
THE START OF PLANT OPERATION
FOR THE ALTERNATIVE COMBINED CYCLE PLANT, THE FOLLOWING TERMS
ARE DEFINED:
B; - FUEL COST PER YEAR
B5 - ANNUAL FIXeD COST
By - ANNUAL COST OF OPERATICN AND MAINTENANCE
DISCOUNT RATE WITH NO LTEFLATIONARY PREMIUM (.105)
SIMILARLY, FOR THE TIDAL PLANT:
Cy - ANNUAL COST OF OPERATION AND MAINTENANCE
C, - ANNUAL FIXED CHARGES
C3 - ANNUAL COST OF INTERDM.REPLACEMENTZ ZIIZE
D] - DISCOUNT RATE (0.06875)

w)
L8]
|

B. BENEFIT QOST RATIO (BCR)
CASE 1: BEFORE PLANT OPERATION

BCR = ( By (+F+I)it+ Bo(1+1) i+ B, (1+I)1) (i = NO. OF YEARS FROM
{ Cp (T+TV 4+ C2(1+I) 4 C{1+1) <) THE YEAR CF PRE-

ASSUME THAT, VAILING QOST )
(14F+I) = (1+F) (1+1)

THEN, . .
BCR = ( Bj(14F) i+ B, + Bz ) (1+I)}1
{(C +Cy +Cq) (1+1)~

CASE 2: AFTER PLANT CONSTRUCTION (i = NO. OF YEARS FROM THE INITIATION
aF OPERATION FOR CONSTRUCTICN PERICD COSTS)

I

( By (L4F+I} L + B, + B, (2+1) 1)

(BCR) ;
PO T G + 3D )

il

(By(1+F)i + By +By) (Dl
[ESIRE

(Cl + Cq  + C3) (l‘i‘I)i
(I+D)*
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Relative price shift analysis represents an approach to benefit
cost analysis of long lived projects in which an effort is made to
incorporate information on expected future changes in relative prices

in the estimates of benefits and costs. In the absence of any better

basis for forming expectations or predictions of future relative prices,
thé typical practice has been to assume that increases and decreases-

in the relative prices of particular commodities were equally likely

and that, therefore, ‘the expected value of future relative prices was
equal to the present set of relative prices. However in some situa;ions,
other expectations concerning future relative price movements may be .
justified. For example, some argue that the relative price of fossil
fuel is more likely to rise than to fall over the next, say, fifty years.
It seems clear that benefit cost analysis should-be based on the most :
reasonable expectations of the future. Thus, where acceptable pre-
dictions can be made concerning future relative prices, these should

be incorporated in the estimates of benefits and costs that are used .- -

to calculate the benefit-cost ratio.

The magnitude and direction of future relative price movements

13
rafte P

cannot be known with certainty. Any statement about expected future.
relative prices has a margin of uncertainty surrounding it. 1In formal
terms, a statement about relative price changes can be treated as an
expected value or mean of a subjective-probability distribpytion over
alternative possible futures. This probability distribution has a
variance. It is important that statements about expected values be

accompanied by.some indication of the estimated variance or margin of _-.
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likely erroxr surrounding the estimate. For example, an analyst might

state that the most likely behavior of fossil fuel prices over the next
fifty years is an increase at an annual rate of 3%. But how confident
is the analyst in this expectation? She may be 25% sure that the true.
value will turn out to lie within the range 2.5-3.5%; or éhe may. be much-
less certain, feeling that there is a 95% chance that the true value -

could be as low. as -2% and as high as +8%.

Decision makers are likely to be very interested.in the degree of
confidence with which estimates of future relative prices are held.
Decision makers deserve to be told about these confidence intervals. - And,
of course, this statement is true whether the analysﬁ expects relative.

prices to remain constant or to change.

What does this have to do with the discount rate? One question:
in- the choice of a discount rate is whéther (and if so, how) to incorporatc
adjustments for risks and uncertainty in the discounting process. The
discussion of relative price shift énaiysis focuses our attention on
the inherent uncertainty regarding estimates of benefits and costs, and
forces us to consider the question of risk in the selection and
utilization of a discount rate. I will return to this point in a moment.
I turn now to a consideration of the appropriate conceptual and
empirical-bases'for selecting a discéunt rate. 2 review of the principles
underlying benefit cost analysis and discounting should provide a basis
Lor answerlinyg guesticns about the treatment of inflation and .risk in.
the selection of a discount rate. The basic rationale for employing any
form of Laucfit cost analyzis is that the government in its role as an-
investor 13 -attempting to reallocate resources so as to maximize
‘econcomic woliare as reflected in the. total value of goods and services
nroduced v the eéonomy. Maximizing economic welfare requires that the
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social benefit or return on each dollar spent by the government -at
jeast equal its opportunity cost, that .is, the private benefits or
returns forgone by the diversion of resources from private to public -, :
uses. - ) s
When current resources are diverted from private uses to produce.
current benefits, market prices can usually be taken as measures of . - .,
opportunity costs. By similar reasoning when the government project
involves expenditures today in anticipation of future benefits, ene. .. .
lshould look to private market interest rates as a measure of the

opportunity cost of time. In a very simple, hypothetical economy where‘
all investments are riskless, taxes are zero, and there are-no market

' imperfections, there can be only one interest rate. All borrowers,
lenders, and investors, including the government, would use this interést
rate in their financial planning and decision making. However, .in the - .
real world, -there are differences in riskiness across investments;’ AL
.various financial instruments for allocating risks, differences in the -
taxaoion-of income from various financial instruments, and market. - - . %
imperfections such as the regulation of interest’ rates on savings. accounts.
These factors all lead to a multiplicity of interest rates.in financial
markets. -Hence, the controversy over which rate or combination of rates
should be used to guide public investment deClSlonS. e e e

Let us ignore for the moment the problems posed by 1nflatlon and )

Te

ncertalnty concerning future returns. There will still exlst a varlety

of 1nterest rates and rates of return across dlfferent assets and forms

of 1nvestment. The opportunity cost of diverting one dollar from prlvate
to publlC lnvestments will depend upon which private lnvestments are
forgone. And this in turn depends on the method of financing the

' public investment, among other things.l First, suppose that the public‘

-

¥ -

For further discussion, see Robert H. Haveman, "“The Opportunity Cost
- of Displaced Private Spending and the Social Discount Rate,” Water

‘Resources Research, 5, No. S (October, 1969), 947-957.
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‘placement of private investment is more realistic. The construction of

;hydro—powered generating facilities will make it unnecessary to con-

investment is financed through borrowing in capital markets in such. .
a way that there is a one. for one displacement of private investment
in manufacturing. Then, the opportunity cost of the public investment
is the pre-tax rate of return on private investments in manufacturing.,
‘Alternatively, suppose that the public investment is financed through
an increase in taxes on personél income. Then, the opportunity cost
is spread across households in proporticn to the distribution of the-
burden of the federal personal income tax. The opportunity cost is

a weighted average of the marginal interést-rates faced by each house-

hold in their roles as net borrowers or lenders.

As will be seen shortly, these two alternative means of financing
public investments can lead to significantly different estimates of

opportunity costs and discount rates. Which assumption is more

appropriate in the case at hand, that is investments in hydro-powered

electric generating facilities? I believe that the assumption of ‘dis-

struct additional (presumably more costly) privately financed fossil fuelc
generating facilities. Furthermore, depending upon cost allocation
formulas and the‘interest.ratg used in the repayment analysis, all or
at least a majoﬁ part of the cost 6f constructing the federai‘hydro
project is recovered through charges for the energy produced. Thus;
in the longrun, the route of finanéing is not through the féderalitax
structure, ThereféreL i conclude that the appropriate measure of
opportunity cost, .and the correct discount rate for use in
benefit cbst analysislis the pre-tax rate of return on private investm
With inflation, observed market interest rates and rates of return

on investment reflect the sum of real rates of return or opportunity cost:
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and the expected future rate of price inflation. If the benefit cost
analysis abstracts from inflation of all prices (that is, is based on
constant dollars) and focuses only on possible changes in relative .
prices, then observed market rates of return must be deflated-by the

1

expected- inflation rate before being incorporated in.the benefit cost: -

analysis. In other words, if the benefit cost analysis is carried out. .

in real terms, then the discount rate should be based upon real rates-
of return and opportunity costs. : ‘ s
As noted earlier, the future cannot be known with certainty. . The
degree'of.uncertainty and risk (that is, the range of possible outcomes)
varies across investment alternatives. Private investors have to be -«
compensated with a higher expected rate of return in order to induce
them to invest in more risk& projects. The question is should the di&-"
count rate used to guide public investments in more risky areas in-
corporete a risk-taking premium. There are two arguments }of using'Q‘
risk free rate for public sector investment decisions. But I believe?‘
that neither argnment is epplicable to hydro-electric poﬁer investﬁéﬁtsi
at least under present institutional arrangements. T

The first argument is based on risk poollng as is done by large -

insurance companles. If w1th a large number of 51m11ar projects the -

risks on individual projects cancel out, then it would be approprlate

to utilize a rlsk free discount rate. However, the ' major component of

.
s .

the rlsks assoc1ated with hydro-powered development concerns.un—- 1. .

certainty about demand, techological change, and future trends in \
fossil-fuel prices. 'Thése uncertainties affect all hydro-power projects

in the same manner and thus do not cancel out.’ L

The second argument is based on risk spreading. If, for example,

benefits are spread across a large number of people, increases or
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decreases in realized benefits become very small on a per capita basis.

In the limit, the risk per person is too small to worry about and can:

be ignored. However, many of the risks associated with hydro-power .. .

.developments are borne not by the population as a whole but rather by . -

the consumers of power generated by the project. Since these risks .
are not widely spread, they may be significant on a per capita basis.
This should be reflected in the discount rate chosen for project
analysis. Thus, I conclude that unless the risk spreading or risk
pooling arguments can be applied, the appropriate discount rate for

public investments should incorporate the risk premium observed in

similarly risky private investments.

The most widely cited estimate of the pre-tax rate of return on
. . 2
private capital investment 1S based on the work of Stockfisch. He

estimated that in the mid-60's the pre-tax rate of return was between

.10-15%. This figure was not adjusted for inflationary expectations.

During this time, inflation was only in the range of 1-2%. 3o, the

. real pre-tax rate of return lay in the range 8-13%. A more recent

_estimate places the real rate of return on private investment at between

8!.1--10!5%.-3 This compares with an estimate of the real opportunity cost
of investment finance through personal income taxes in 1966 between

5 and 6% prepafed by Haveman.4

2 : . .
See J.A. Stockfisch, "The Interest Rate Applicable to Government
Investment Projects," reproduced in the.Congressional Record-Senate,
Sept. 22, 1967, pp. S13467-513472,

See Steve H. Hanke and James Bradford Anwyll, "The Political Economy
of the Discount Rate Controversy,"” Public Policy, in press.

4Haveman, op. cit.
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Present federal procedures call for using a discount rate comput%d
from the average yields on long-term government securities. The
procedures also limit increases in the effective discounf rate to no
more than 1/4% per year. The present official discount rate is 6 7/8%.
This figure is below the estimates of the real pre-tax rate of return
on private investment. There are three major reasons why the government
bond rate and the real pre-tax rate of return might differ. First
governnent bonds are substantially less risky than private investment.
Second, government bonds are instruments of monetary and fiscal policy
and their prices and yields are effected by factors quite independent
of real rates of return in the private sector. Finally, as market
rates of return, government bond rates will include inflationary
premia. '

To summarize, my major conclusions are as folldws: (1) tﬁe dis-
count rate for evaluating federally financed hydro projects should be?
the real opportunity cost of privaée investment; (2) the discount rate
should incorporate a risk premium;.(3) the discount rate should not |
incorporate an inflationary premium since the benefit-cost analysis'ig
conducted in real terms; (4) the best estimate of the appropriate dis-
count rate is 8%-10%%; (5) because they incorporate an inflationary
premium and do not carry the same degree of risk and risk .premia,

government bond rates cannot be used as an estimate of the correct

discount rate.

[ PR
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IDENTIFYING AN APPROPRIATE MEASURE OF BENEFITS FOR EVALUATING 69.

TIDAL POWER IN COBSCOOK BAY

This paper addressed two guestions posed by the Corps of
Engineers: (1) Should a capacity credit be included in benefits
when evaluating a single~pool tidal project? (2) What is the

appropriate measure of energy benefits from this type of project?

(1)

In'éeneral, the alternative cost approach to measuring benefité
of a given hydroelectric project requires choosing an alternative
having similar‘capacity and output characteristics. 1In the case
of a single-pool tidal project, however, fhere is no unambiguous -
alterrnative. All of the real alternatives (excepting wind power)
would have dependable capacity -- dependable in the sense of being
available when needed to meet system peak load. This is .not true

of a single-pocl tidal project; capacity and output in such a

' project vary with the tidal, hence, lunar cycle, whereas the

daily load curve of a typical utility system reflects the solar
cycle. The appropriate alternative to energy from such a tidal
plant therefore would be a "capacityless" generating source, implying
no capacitf crediﬁ for project benefits. -

If tidal energy enters an électrical grid having adequate
storage capacity, it can be "retimed" to meet peak loads. lfhis
would undoubtedly be the case for Cobscook tidal energy; such
energy might flow into storage directly or might displace other
enexrqgy excepting at those timeé when maximum tidal generation
coincided with the system peak) thus preserving storage elsewhere
for retiming. It can be argued, however, that the "credit" for
retiming properly belongs to the storage facility itself and not
to the original but intermittent generating source. While I believe
this is a logical inference to draw, I am open to opposing viewpoints

if or where it can be shown that the capacity benefit might be shared.
lie6
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The appropriate measure of energy benefits for a tidal
power project is the cost of energy from the next best alternative.
Such a benefit measure must of course take account of differences
in transmission distance between generating station, storagé
facility (where applicable), and market. The alternative source’
of generation must be identified by recourse to reality: What
in fact is likely to be the alternative source of incremental
eﬁérgy in the particular region over the relevant time period?

It is customary to proceed by comparing the cost of electric
energy from the project to be evaluated with costs of energy from a
geperating station that would be built in lieu of the project.

It must be recognized, however, that this is a somewhat arbitrary
procédure which does not recognize the range of substitutes
actually existing. Substitutes for electric energy in fact include
alternative forms of energy (e.g., natural gas), and also alterna-
tive labor or capital inputs (manual processes, insulation, solar
construction). Thus, the conventional procedure oversimplifies

by assuming that the next best alternative (and hence proper
measure of benefits) is an incremental quantity of electric energy.

It also is normal procedure to conjure up a hypothetical
alternative (generating plant) that would operate with some;hing
like the same output to capacity relationship (see above} as the
project which is to be evaluated. The rationale here is that,
even in the case of energy alone (i.e., neglecting capacity) similar
parts of the future load curve would have to be met by projects
having similar characterigtics. This, again, is a reasonable
assumption if substitution possibilities are minimized by the

limited size of the generating grid. In today's economy, however,

-
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b with grids increasing in extent and capacity, and with increasingly
varied forms of both generation and storage, the above rationale
is donsiderably weakened. The next best alternative to energy from

the tidal project might well have hybrid characteristics,?and may

indeed be difficult to specify the longer forward one looks. ‘ ~
Evaluating tidal power benefits from a Cobscook Bay pl;nt ‘ 7'-,»

would be particularly difficult on this last score -- given the

very long life of the tidal plant -- if the project included depend-

able capacity, as in a two-pool scheme. That is, the tidal plant
probably would be producing energy over a period of time equivalent
to the life spans oflggggg thermal alternatives. (This of course
assumes that neither silting, corrosion, nor natural disaster would
shorten the 1life of a tidal plant to less than that of a conventional
hydro station.) Those alternatives might be expected to changé.és
technology itself improved. Fortunately, the present task is
simplified (somewhat) by the absence of dependable capacify. The
only “alternative" that needs to be measured is the energy itself.
Askone loocks at the New England grid today and to the end Qf

the cenﬁury at least, it 'seems likely that incremental energy will

A -
be supplied largely, if not entirely, by oil-fired generation.
Nuclear piants now on-line and under construction are certain to
be used for base load (when they are operating at all), and present

oil-fired plants will be used to fill out the load curve only as

necessary. The extent to which these latter plants will have to

be used, in other words, will depend on nuclear down-time, hydro ~
conditions, the availability of lower cost coal and wood-fired

generation (and Canadian energy), and the evelving shapé of '.

regional load curves. Whatever the mix, o0il. in my opinicn, is

going to be the scurce of displaced energy.




If this appraisal is correct, the ﬁask of evaluating energy
benefits at Cobscook Bay is simply one ?f measuring (again allowing
for distance) the future energy costs of oil-fired generation.

This consideration, incidentally, should lay to rest any disputes
about whether nuclear energy should be counted as the appropriate
alternative if the Cobscook Bay plant could be cranked up to a
higher-than-40% capacity factor. It should not. Whatever the
theoretical alternative might be in an abstract grid, the facts

of life in New England are that the alternative will be electricity
generated by OPEC oil.

At present, the average thermal efficiency (heat rate) of
fossil fuel generation in New England is about 10,100 btu/kwh.
1f we take that figure to be representative of the thermal efficiency
of generation which might be displaced by energy from a tidal plant,
and if we assume (with the Corps) a heat content of 5,900,000 btu
per barrel of residual fuel oil, the fuel cost of the displaced
energy is approximately 4 cents per net kilowatt-hour when oil is
$24.00 per barrel. That figure must be adjusted upwards to cover
operation and maintenance expenses, and downward to reflect the

greater distance of tidal generation from markets than the displaced

fossil fuel generation.

William D. Shipman
Bowdoin College
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The static quality of conventional benefit-cost analysis for as-
sessing public investment in power projects has proved inadequate
in a period of unstable energy supply and changing technological
and social conditions. To better account for the fluid or dynamic
nature of economic relationships and values, relative price shift
analysis has been developed as a refinement over earlier techniques.
To gauge opinion of the technique's usefulness and validity, the
Balanced Growth Project of the University of Maine at Orono, the
Maine Office of Energy Resources, the Maine State Planning Office,
and the New England Division of the Army Corps of Engineers spon-
sored a symposium on November 27, 1279. At that symposium, indiv-
iduals from public agencies, private'companies, and higher educa-
tion explcred the merits and limitations of relative price shift

analysis through the presentation and discussion of working papers.

The discussion, for the most part, was general rather than tech-
nical, and most participants - both panelists and members of the
audience - conciuded that relative price shift analysis was an
improved and more realistic measure of a project's costs and bene-
fits. Unresolved though, were a number of major issues relating
to economic analysis of any sort. Considerable discussion ensted
over the appropriate calculations of costs and methods for financing
power projects, over the guality and accuracy of assumptions used
in projections, over the factors which should be included or
excluded in analysis, and over the basis of comparison for evalua-
ting one type of project - hydropower = over alternative confi-

gurations.

Nearly all participants challenged the methods for calculating the

costs of financing for public power projects. The discount rate
121
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of 6-3/8% authorized for use by fhe Water Resource Council was
viewed as an arbitrary and unreasonably low figure that does not
accuraﬁely reflect real financing costs and which skews cost analy-
sis in favor of public investment. Since public investment in
power projects diverts capital from private investment, some felt
that the costs qf foregone opportunities should be valued at real
market prices or real return on private investment, a rate of
between 8%% to 10%%, as suggestqd by panelist A. Myrick Freeman. . III,
or at a compromise "social discount rate” to be applied equally to

comparative analysis of public and private investments, as suggested

by William Beardsley.
3

The validity of low governmental discount rates based on risk
pooling or spreading was debated as well. Freeman, again, argued
that risks for hydropower are actually concentrated among a limited
number of people and are therefore significant on a per capita basis.
Additionally, the uncertainties about hydropower are not singular
but affect all hydro projects and therefore should be included as
risk premiums in public discount rates. One member of the audience,
Clark-Irwin, noted that estimates of financing costs based on

government bonds failed to include the costs of foregone tax revenues.

Though public investment in power projects was viewed by-most as
appropriate, there were implied'differences of opinion as to the
desired extensiveness of government financing. One member of the
audience, Representative Judy Kany, was particularly in favor of
public measures to encourage financing utilities in Maine through
provision of tax exempt bonds fér utility construction or the adapta-

tion to Maine of other measures practiced in the country. Others
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were more cautious on their assessment of the balance needed and
one, Myrick Freeman, argued that if there are benefits above and
beyond economic considerations they should be identified and quan-

tified and not imperfectly reflected in subsidized interest rates.

Accuracy of the assumptions used in projections was frequently

cited as necessary in determining a project's benefits and costs.

In relative price shift analysis, escalation rates for particular
commodities such as fuel, and explicitly oil, were viewed as fraught
with uncertainty yet critical to valid judgement. Using the Army
Corps of Engineers' assessment for tidal power development in Cob-
scook Bay as an example, several participants noted that price in-
creases had already exceeded projected prices. One panelist, Charles
Colgan, urged the use of the Department of Energy's simple egquili-~
brium models to reflect long range demand and supply characteristics
and to predict OPEC increases in prices, an exercize that could
reflect an annual escalation rate of 4%, enough to achieve unity

in Cobscook Bay Tidal project. Another panelist, Norman Laberge
pointed out that fuel escalation projections need to be accompanied
by a statement on the presence or absence of inflation, arguing

that the inclusion of inflation estimates decreases the margin
between the present value of a combined cycle plant and the value

of a tidal project, placing. the latter in a more favorable light.

A potential discrepancy in assumptions was implied in different
figures cited for the assumed energy efficiency of thermal alter-
natives. The Corps cites an efficiency of 40%. Colgan, in his pre-
sentation, argued that 30% is a realistic figure, and one which could
improve the position of tidal power vis-a-vis conventicnal thermal

units.
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Most participanfs recognized the highly speculative nature of pre-

dictidns, particularly those over long terms. Two panelists,

Gerald Dawbin and Myrick Freemanlsuggested that projections be
labeled for their degree of uncértainty or confidence ievel by
attaching "degrees of risk" or "estimated variance or margin of

likely error surrounding the estimate”.

In fact, several individuals reasoned that és the ﬁargin of uncer-
tainty increaséd over time, economic analysis should be limited to
the near term perhaps no more than 30 years. William Beardsley
argﬁed-that long range predictions based on comparisons limited to
two types of energy generation, such as tidal and combined cycle
o0il, fail! to account for techgological change and innovation and
misrepresent benefits. Others, such as Charles Colgan and Gerald
Dawbir felt that long range assessment, though imperfect, was
cfitical, particularly in weighing the costs and benefits of a
long lived project with a short term one such as combined cycle
cil. Freeman felt that to look'at the future more realistically,
assessment should include a relative technology shift as weli as

price shift.

1

The views as to what relaéed or ancillary costs and benefits should
,belincluded in an economic analysis of a project varied widely -
Lawrence G. Hines asserted that inclusion of such concerns, parfi-
cularly for aims different than the primary prupose of a projéct,
has the affect of inflating benefits, in fact leads to "agressive
benefit recruitment”, to justify a project that may otherwise fall
far short of unity. He cited many examples, among them the benefits

cited for downstream Canadian power production resulting from
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Dickey-Lincoln, without including the costs of importing that power. Hine's
skepticism was not shared by others. A whole range of factors was offered to

be considered for inclusion. Among them were the following:

*The assessment of the costs of complying with environ-

mental safeguards and mitigating environmental effects:

-the inclusion of the costs for escalating safety costs,

construction standards, and quality control;

‘the recognition of the national balance-of-trade deficits

resulting from purchase of foreign funds and materials;

‘an estimate of the energy efficiency of projects being
compared and the cost of wasted energy from a finite

resource such as oil;

‘the internalization of job or employment benefits;

‘the inclusion of area development possibilities

including new industries, tourism, etc.: and

‘the synchronization of energy outputs of a ?roject with
needed time through storage or displacement of other

energy.

Though participants differed as to the variety of measures appor-
priate for inclusion in the analysis of alternate projects, all felt

that the examination of external factors had to be carried out
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~one mode over another.

consistently in comparing the costs of one project versus alter-

natives.

Interwoven throughout the presentations and discussions was the-
céncern over the integrity of selecting alternative energy pro-
jects for comparison. The solution of a "least cost" alternative
was felt by some to beinmerathmy and that comparison of a hydro-
power project with methods other than Teast cost can assure an ahove
unity benefit/cost ratio for hydropower. Others felt such a method

would fail to reflect changing priorities and the desirability of

+

The use of a single alternate éosed a variety of pfoblems for

some. Charles Colgan argued thét an alternative;should be tech-
nically comparable to the principle project,” and the projects

being compared "should be of the same scale and capable of per-
forming the same task". Yet Wllllam Beardsley argued that a single
alternative approach particularly such as combined cycle o0il, ignores
technologlcal change and even recent government policies on the use
of oil,; and falls to account for the "irregular stream of costs and
benefits' over time. William D. Shlpman pointed out that the solu-
tion of a single alternatlve for comparison "does not recognlze the
range of substltutes actually existing"”, including different forms

of energy, alternative capital or labor possibilities, ‘and differ-
ences in capaéity credit and energy benefits. I[p the case of.some single-

pooltidal power he argued that no unambiguous alternative exists

and that rather an alternative "might well have hybrid characteristics."

Such a mix was favored too by Philip Hastings who stated, "The

Planning Process is not a simple comparison of one type of unit
’ 126
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versus another. The cbjective is to minimize total cost to the
customer over time." Additionally, a unit-to-unit comparison may
not reveal all potential costs and benefits and may not assess the

impact on or displacement of the region's power supply.

Confronted by the plethora of possible alternatives from which to
select, at least two participants, Shipman and Dawbin felt that oil
fueled power should be selected for purposes of comparison because
it was most likely to be the energy displaced by hydropower,
particularly in New England. Charles Colgan, too, selected an oil
based alternative because the technology is well established and
of known use and cost. Other technologies such as nuclear plants
and gas fired generators we:.:e viewed as imbalanced in favor of inex-
pensive fuel costs or capital costs and thus not fair comparisons,

though some participants disagreed.

Though the panelists as a whole agreed that relative price shift
analysis was a superior approach to standard benefit cost analysis,
and ‘agreed that a number of issues jeopardized the credibility of
any analysis, there was considerable variety and disparity of
views among them on nearly every issue. The science of prediction,
it seems, is affected by differing priorities, values and assump-
tions. The symposiumr defined the issues but did not provide a

consensus on direction.
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SUMMARY

SYMPOSIUM ON RELATIVE PRICE SHIFT ANALYSIS '

Submitted by'
Wayne Oliver,.Recorder

The purpose of the SympoSium on Réidtivé Price Shift Analysis held in Port- =5
land, Maine, on November 27, 1979, was to discuss the validity of relative

price shift anmlysis as a way of analyzing the economics of hydroelectric

projects. Relative price shift analysis is basically a more refined form x.
of life cycle cost methodology which attempts to compare costs and benefits

of projects in terms of real price changes over time. This approach pro-

vides an improvement over conventional static benefit-cost analysis by

determining the real changes in costs and benefits over the life of a pro-

ject.

To provide a proper perspective of discussion by panelists on the issue of
relative price shift amalysis, it is necessary to briefly describe the use
of benefit-cost analysis as a poli%y tool. Originally, Congress and other
members of the political bureaucracy looked at benefit-cost analysis as a
way of ranking projects for appropriations. Projects competed for appro-
priations, and those with the highest benefit-to-cost ratios received the.
funding. Economists began using benefit-cost analysis as a means of ans-
wering the question of whether resources should be used in the private or
public sector based on the most productive and efficient use of those re-
sources. Since the opportunity cost of a public project was private sec-
tor output, investment in public projects was viewed as a tradeoff for
investment in the private sector. Interestingly, the symposium really
brought to light how benefit-cost analysis was viewed by various members
of the panel from different backgrounds and constituencies.

Discussion of relative price shift analysis in particular and benefit-cost
analysis in general focused on the following issues:

1. What is the appropriate discount rate?

2. What is the appropriate alternative that any hydro project
should be compared to?

3. How should externalities be accounted for?

4. What is the appropriate time frame for analysis of the
economic benefit and costs of a hydro project?

) ) s
5. How do we account for future technology?
6. How do we account for the problems of estimating future —
benefit and cost components such as fuel prices? ’\m, .

7. Should ancillary benefits be included?




10.

How does the question of variable powers reliability effect
utility planning?

Should one definitive ratio be used or would setting up a con-
fidence interval of benefits and costs be more appropriate?

Is relative price shift analysis a more effective way of
measuring costs and benefits?

As a means of providing a summary and evaluation of the panel discussion,
the following outline will be followed:

1.

2.

3.

Key issues of discussion.

Questions and analysis of those issues.
Panel member discussion.
What is the appropriate discount rate?

Determination of the appropriate discount rate (based on riskiness
in use of funds) is very important in evaluating the benefits and
costs of a particular project. Use of an improper discount rate
will lead to a misallocation of resources.

In evaluating which is the proper discount rate, the opportunity
cost of the investment has to be determined. For example, if the
opportunity cost of using funds to construct a tidal power project
is private investment funds, then the discount rate should reflect
the private cost. When cost-benefit analysis was originally de-
veloped, the true opportunity cost of public projects could be
measured by the interest rate on long term government securities.
However, in cases where capital markets are tight, public invest-
ment may crowd out private investment. If this is indeed the true
opportunity cost, that is, the interest rate on private funds,
then in today's market a private interest rate or a rate somewhere
between a public and private rate may be desirable.

panel Discussion Concerning the Appropriate Discount Rate. A num-
ber of panel members provided discussion on the appropriate dis-
count rate. Following is a summary of views of those who discussed
this issue:

William Beardsley - Basically, made two points concerning use of
the appropriate discount rate:

1. A single rate should be used.

2. The rate chosen must be the correct rate. If not, a misalloca-
tion of resources will occur. Discount rates are treated
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II.

A.

B.

similar to the price mechanism. A low discount rate will re-
sult in investment funds flowing into that area. If rate is

lower than the true market rate, then an inefficient alloca-

tion of use of the funds could occur. )

Mr. Beardsley felt that the appropriate social discount rate falls
somewhere between the private and public rates.

Myrick Freeman - Dealt specifically with use of a correct discount
rate. Professor Freeman noted that the rationale for benefit-cost
analysis is because the Government is trying to allocate resources
to maximize society's welfare. The opportunity cost of public in-
vestment could be financed through taxes or through crowding out
private investment. If private investment is crowded out, the
.correct discount rate should be the pre-tax rate of return on pri-
vate investment. The risk premium of using these funds has to be
considered. Since Government bonds (long-term securities) are
less risky than private investment financing, the discount rate
used may be artificially low. Finally, a real rate of return and
not a market rate should be used. At the Present time, the real
rate of return is between 8.5% to 10.5%.

Norman Laberge - Suggested that the public discount rate should be
used because the projects are very important to the interest of
society,

One important exchange on this issue took place between Ms. Canan
and Professor Freeman., Ms. Canan noted that since the generation
of electricity is considered in the public interest, could tax
exempt bonds be sold to build such facilities? This would serve
to lower the discount rate. Professor Freeman indicated that
such a subsidized interest rate may lead to a misallocation of
resources. Professor Shipman then noted that such subsidized in-
terest rates may not be inefficient and may actually stimulate
competition which would be healthy.

What is the appropriate alternative that a hydro project should
be compared to?

This issue raised a number of .interesting suggestions as to the
appropriate alternative ranging from nuclear power to oil conser-
vation. Basically, in making such a determination, the reasons
for the project should be considered. If the major reason to
‘construct a hydro pProject is to produce electricity, then alter-
nate generating capacity additions should serve as the appropri-
ate alternate. If the major goal is to back out foreign oil,
then the cost of conservation should be considered. The Corps
of Engineers has used both the cost of nuclear and oil fired
capacity as the true alternate cost with oil generally serving
as the most appropriate alternative.
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II11.

C.

Panel Discussion.

Philip Hastings - Hydro development may displace peaking capacity.

Charles Colgan -'Alternatives which meet the same goal should be
compared.” Also, alternatives should be technically comparable.

As an example, a 5 megawatt hydro plant cannot be equated to a
1100 megawatt nuclear plant. Petroleum based alternatives are
reasonable to judge a hydro project.

William Beardsley - Noted that one has to consider all possible
options together and not in isolation. For example, the cost of
a hydro project should be compared with such options as conserva-
tion, windmills, etc.

Gary Dawbin - The appropriate alternative should not be nuclear
plants or combined cycle units but should be the cost of backing
out oil.

Bill Shipman - The appropriate measure of an alternative is the
cost of energy from the next best alternative. As such, one has
to look at a range of substitutes. Alternative could be the in-
cremental electricity produced compared to hydro produced energy.
The next best alternative may be more difficult the longer out
one looks. For example, the 100-year lifespan of a tidal project
could encompass the life of three thermal plants. The only alter-
native that needs to be measured is the cost of electricity itself
since capacity is not dependable. He feels the real alternative
is electricity generated by OPEC oil, not nuclear. Comparison
should be made with alternatives with similar capacity and output,
if possible.

How should externalities be accounted for?

In many cases, particularly in energy production and consumption,
externalities or spillover effects can occur which are difficult
to measure, but nevertheless, should have important effects in
translating the correct market signals. Examples of externali-
ties which should be accounted for in the example of hydropower
production and comparision with alternatives are the following:

1. Pollution effects resulting from coal or oil use in genera-
ting electricity.

2. Environmental and health effects associated with radiation
from nuclear plants, nuclear waste disposal and decommission-
ing.

3. Accounting for the economic cost of foreign oil on balance
of payments deficits, inflation, unemployment, national se-.
curity, etc.
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Iv.

'?heseNareeexamples.of'externalitiesJassociatedEwith.the;@roduc—
‘tion .of alternatives which should be accounted for ‘but :are dif-
ficult to measure and iqternalizeu However, they should :enter
the equation in one form or another to idetermine :the true eco-
nomics ‘of alternative projects.
s .

Panel Discussion. .
‘Charlie :Colgan - Noted two -unpriced externalities :associated
with both -alternatives:

1. ‘Environmental effects.

2. Efficient use of energy resources. As an -example, the ther-
mal efficiency of-oil.plants:creates‘a;scarcity.rent=or loss
to society .as a result of :efficiency losses.

‘William ‘Beardsley - Noted that the ggoal of society is to :allocate
Fesources so that the marginal social benefits iare :equal to the
marginal social costs, .or in -comparing two oT more alternatives,
the marginal :social benefit :of A divided be the marginal social
cost :of A equals ithe marginal social benefit of B divided by the
marginal social «cost ©f B. Because of -external -economics iand
diseconomies, these ratios may mnot be equated. Relative price

shift analysis must account for .external and internal -economies

and diseconomies.

Gary Dawbin - Also suggested that externalities be included in
evaluation procedures.

What is the appropriate time frome for :analysis -of the :economic
benefits and costs -of a hydro project?
ki

‘The life span of a'hydrélprqject i's .generally :assumed to ibe 100
years,vwhileran:alternate~oil—fired‘plant‘mayfbe:only 35 years.
Whether benefits and .costs of a hydro facility :are measured
over the entire 100 year time horizon .or over the 1ife .of an
.alternate facility will affect the relative economics -of the
alternatives. .

Panel Discussion.

.WiliiamiﬁeardSley_— Time frame of 100 years for a combined -cycle
Unit is unrealistic because of future technology.
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VI.

? .
'

General tone of discussion is that after comparison with one
Plant with a life of 35 years or so, estimating costs become
more and more difficult

How do we account for future technologies?

Since no one has any idea concerning the costs and scope of future
technologies, once the 35-year time horizon is exceeded, the cost
of the alternative becomes impossible to determine since that al-
ternative could be some new technology which has yet to be proven.
This problem adds to the uncertainty involved in calculating all
future benefits and costs.

Panel Discussion.
William Beardsley - Relative price shift analysis makes more sense

in the short run than in the long run, because of the uncertainty
of future technology over a 100-year period.

Myrick Freeman - One of the major problems involved in calculating
benefits and costs is the estimation of new technologies.

William Shipman - Trying to predict technology and its impact on
cost is difficult.

How do we account for the problems of estimating future benefit
and cost components such as fuel prices?

One of the primary requirements of relative price shift analysis
is the need to estimate all the benefits and cost components over
the life of the project. Future estimates of such variables as
oil prices are going to be fraught with errors. The question is,
is this approach to benefit-cost analysis superior to static ben-
efit-cost analysis given estimation are possible? ‘

Panel Discussion.

Charles Colgan - Norman Laberge and Rick Freeman addressed this

issue as one of importance, but also stressed the problems in-
volved in providing future estimated projections of different
variables. One advantage of relative price shift analysis is
that relative and not absolute cost changes are important. Thus,
relative changes may be easier to predict than absolute changes
and errors can be minimized.

Gary Dawbin - The degree of risk for various parameter estimates
in relative price shift analysis should be simulated.
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VII. A. Should ancillary benefits be included?

B. If ancillary benefits can be measured, there is no doubt they
should be included in-a cost-benefit analysis. Ancillary
benefits or others who benefit besides project beneficiaries
resulting from a hydro project could be a recreational area
for boating and swimming, increased employment benefits in the
area, etc. Since all ‘these benefits, and possible ancillary
costs result from the project, they should all be included if
they can be measured. Perhaps revenue generated from these
activities or income generated could serve as a measure of
benefits.

C. Panel Discussion.
Professor Hines - Noted that the inclusion of ancillary bene-
fits could raise the benefit-cost ratio above one in many cases.
He cited two ancillary benefits associated with the Dickey-Lin-
coln Project:

1. Downstream development and recreational opportunities.

2. Economic redevelbpment benefits for the area involved in
terms of increased employment creation.

The feeling was also generated in open discussion that continued
reliance on foreign oil leads to loss of jobs, income and higher
prices while hydro development will soften the impact.

Perhaps, the economic benefits of backing out foreigm o0il should
be measured and included. Both Gary Dawbin and William Beards-
ley made the point that employment benefits to Maine as a result
of hydro development, both direct and indirect should be inter-
nalized in any benefit stream.

VIII. A. How does the question of variable power reliability effect util-
ity planning?

B. Hydropower development is unique in that power cannot be gener-
ted constantly. In the case of tidal power, reliable power will
only be availahle during periods of high tides. Other hydro-
power developed will alsc have variable power reliability such
as during a spring runoff. Many times, hydropower is used for
pumped storage purposes and released during peak power needs.
But many times, pumped storage requires more energy as input -
than is released as output. The cost of variable power relia-
bility as well as the ability to incorporate hydro development
in the generation expansion plans of the utility system is most
important.
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IX.

Panel Discussion.

Philip Hastings - The objectives of power generation expansion

Planning is to minimize the cost of energy to consumers over the
planning horizon. The impact of a hydro project should include
the impact on all generating units over the life of the project.
In other words, in analyzing the benefits and costs of a hydro
project, utility planners must analyze what capacity the hydro
project will displace as well as the costs of that capacity. To
fully evaluate hydro projects, the impact of the development over
the life of the project should be considered along with the gen-
erating expansion plans of-the utility.

Should one definitive benefit-cost ratio be used or would setting
up a confidence interval of benefits and costs be more appropri-
ate?

Given the possible estimation problems involved in calculating
future benefit and cost components as well as uncertainty of the
appropriate discount rate, one definitive benefit-cost ratio is
extremely tenuous. Only a range of benefit-cost ratios under
various assumptions could best provide an indication of the bene-
fit-cost ratios possible.

Panel Discussion.

Myrick Freeman - Uncertainty in calculating relative prices could
be accounted for by setting up confidence interval estimates or
other probability analysis,

Is relative price shift analysis a more effective way of measur-
ing benefits and costs?

Relative price shift analysis is an attempt to more accurately
account for the change in the value of benefit-cost parameters
over time as opposed to traditional static benefit-cost analysis
which assumes the future will be the same as today.

Panel Discussion.

Everyone agreed that relative price shift analysis is an improve-
ment over present techniques and is a step in the right direction,
because this technique considers the dynamic changes in components
of benefits and costs over the life of the project. However, one
viewpoint which was introduced is that relative price shift analy-
sis biases benefits upward. But is this the case or does static
benefit-cost analysis bias costs upward over time?
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Education:

Employment:

Publications:

Activities:

Personal:

William H. Beardsley

-

Ph.D., Department of Geography and Environmental
Engineering, Johns Hopkins University

3.A., Department of Economics, Earlham College

Other: McGill, Harvard, University of East Africa

Assistant to the President, Bangor Hydro-Electric Company

Former employment includes aide to Vermont Governor Deame
C. Davis, Assistant Professor of Geography and Assistant
to the Dean at the University of Vermont, and Staff to
the Royal Commission on the Economic Prospects of New-
foundland and Labrador.

(selected) Journal of Forestry, Pulp and Paper Magazine of
Canada, Northern Logger, Yankee, Proceedings of the
Institute of Gas Technology, Proceedings of the Vermont
Academy of Arts and Schiences, and the Journal of the
Northeastern Agricultural Economics Council, on energy,
environmental, and socio-economic subjects.

Vice Chairman of the Conservation Committee, New England
Energy Congress; past Chairman of Load Management

Committee of the Electric Council of New England; alternate
member to the NEPOOL Management Committee, past member of
Vermont Governor's Task Force on Wood as a Source of
Energy; and Society of Xi.

Age - 37; Married - Wife and three children;
Home - Oronc, Maine

November 30, 1979 !
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CHARLES SIMPSON COLGAN
Home: (207) 377-2493 RFD 2

Office: (207) 289-3261 ‘ Winthrop, Maine
04364
EMPLOYMENT

1977-Present: Senior Planner, Economic Planning and Statistical
Services Division, Maine State Planning Office (184 State St.

Augusta, Maine 94333)
Coordinator of all planning and policy development relating
to offshore 0il development. Program Manager for Maine of
the Coastal Energy Impact Program. Economist performing a
variety of economic analyses for the Governor and Legislature
on matters relating to energy, natural resources, and regional
economics. Economist assigned to Maine Department of Transpor-
tation for port planning. Governor's Science Advisor.

1976-1977: Planning Analyst, Economic Planning and Analysis
Division, Maine State PTanning Office

Research and analysis of offshore 0il policy and
planning questions. Policy analysis on industrial
siting. o

1976: Lecturer in Political Science, Muhleberg College, Allentown,
Pennsylvania (18104)

Taught three courses: Introduction to Political Science
International Politics
International Law
(12 Semester Hours)
- Supervised Model United Nations Program

1973-1974: Librarian, Anspach Institute for D1p10macy and Foreign

Affairs (University of Pennsylvania)

Supervised and managed operations in social science library,
including purchasing, circulation, cataloguing.

EDUCATION
Ph.D. (pending) 1in International Relations, University of

Pennsylvania, Philadelphia, Pennsylvania 19174.

Dissertation Title: The Economic Foundations of International Ocean
Resource Management ‘

B.A. (1971) in History, Colby College, Wateryille, Maine 04901
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CHARLES SIMPSON COLGAN

Areas of Specialization: Resource and Energy Economics
Cost-Benefit Analysis
Economic Impact Analysis
International Politics and Economics
European and Soviet Politics and

Economfcs

American Government
State and Local Government
Science Policy
Survey Research

Computer Competencies: | SPSS, APL, FORTRAN
Language Competencies: French, Russian

HONORS AND AWARDS:

Charles A. Dana Scholar (1969-1970)

Senior Scholar (1970)

Anspach Institute Research Grant (1975)

President, International Relations Graduate Students
Association (1972-1973)

PERSONAL :
Born: November 18, 1949, New York, N.Y.
Married: One child

PUBLICATIONS:

COLGAN, Charles S., Maine and the search for 0CS 0il and Gas, (1978):
Augusta, Maine) Maine State Planning Office.

» The Structure and Dynamics of the Coastal
Economy, {1980: Augusta, Maine), Maine State Planning Office.

» "Relative to What? The Economics of Energy in
Cost Benefit Analysis", paper presented at Symposium on Relatjve
Price Shift Analysis, University of Southern Maine, Portland, Maine,
November 1979.

s> and Shenton, Edward, (Editors) An Annotated

Bib]iograghx of 0CS Documents in Maine, (1978, Augusta, MaineJ,
November 1979.

» (Editor), Service Bases for Offshore 011, (1978,
Augusta, Maine), Mafine State Planning Office.
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, "A Risk-Benefit Model of Offshore 0i1 Leasing
Secisions™, (Augusta, Maine: 1979) Maine State Planning Office.

, (Editor), A Research Agenda for Maine
Government, (1979, Augusta, Maine) Maine State Planning Office. .

, "A Cost Benefit Analysis of the Acquisition of
Beach Property"” in Ten Broeck, Craig: Policy Recommendations for
Reducing Coastal Storm Damages (1978, Augusta, Maine) Maine Land and
Water Resources Council.

, "Energy and the Maine Economy® in Lawton, 7
Tharles W.. et. al.: The Maine Economy: An Overall Assessment,
(1979, Augusta, Maine) Maine State PTanning Office.

, and Fernald, William F.,: Institutional Changes
in Maine State Government Agencies for Port PTanning and Development. ,
{1977), Augusta, Maine, Maine Department of Transportation.

, and Fries, Sylvia D., et. al., Science in the
Statenouse: Alternative Channels of Technical Information for
Decision Makers in Maine Government. ({1979, Orono, Maine} Social
Science Reserach Institute.
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Personal Data of
GERALD G. DAWBIN

Born and raised in Maine, a native of the Augusta Area.

Educated in Augusta Schools, but graduated from Searsport High
School in 1959.

Post-Secondary Education:

Work

Colby College, 1960-1962. Majored in Physics

Graduated Wentworth Institute, 1964, with Associate
Degree in Aeronautical and Space Engineering Technology.

Graduated University of Southern Maine, 1974, BS in
Business Administration.

Experience:

1964-1967:

1967-1976:

General Electric Company, Schenectady, New
York, working on the design, manufacture and
installation of large steam turbine-genera-
tors for central power stations.

Central Maine Power Company, Augusta, Maine,
working on various phases of electric utility
power plant operation and maintenance.

1976-present: Office of Energy Resources, Augusta, Maine,

principal author and organizer of the 1976 Maine
Comprehensive Energy Plan, and involved in
various aspects of energy planning, primarily
renewable resource development, specializing in
hydropower, tidal power and wind energy projects.
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Present Position:

Mailing Address:

Date of Birth:

Marital Status:

Degrees: =~ -

Fellowships:

Thesis:

A. Myrick Freeman III

VITA

March 1979

Professor of Economics, Bowdoin College

Department of Economics
Bowdoin College
Brunswick, Maine 04011

February 6, 1936 Citizenship: U.S.

Married Children; 2

A.B., Cornell University, 1957
M.A., University of Washington, 1964
Ph.D., University of Washington, 1965

Resources for the Futures, Inc., Doctoral Dissertation
Fellowship, 1964-65

The Federal Reclamation Program and the Distribution
_of Income., Submitted: December 1965

Major Fields of Interest:

1) Economics of Environmental Quality

2) Efficiency and Redistribution Criteria in Public
Investments

3) International Trade -

Past Positions Held:

1976-78 = Fellow, Resources for the Future, Inc.
Washington, D. C.

1973-75 Associate Professor of Economics and Chairman,
Department of Economics, Bowdoin College

1973 Visiting Associate Professor, University of

Wisconsin, Madison, Wisconsin, Spring
Semester

1971-72 Associate Professor of Economics and
Chairman. Department of Economics, Bowdoin
Ceollege

1969-70 Visiting Scholar, Resources for the Future,
Inc., Washington, D. C.

1965-69 Assistant Professor, Department of Economics,
Bowdoin College

1964-65 Doctoral Dissertation Fellow, University of
Washington (Grant from Resources for the
Future, Inc.)
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Books:

1.

1963-64 Research Associate and Predoctoral
Associate, Department of Economics,
University of Washington, Seattle,
Washington ’

1957-63 Naval Service-—including Assistant
Professor of Naval Science at the
University of Washington, Seattle,
Washington

International Trade: An Introduction to Method and Theory,
New York, Harper & Row, 1971

The Econcmics of Environmental Policy, with Robert H. Haveman
and Allen V. Kneese, New York, John Wiley, 1973.

Pollution, Resources, and the Environment--A Book of Readings,
with Alain C. Enthoven, New York: W. W. Norton and Co., 1973

The Benefits of Environmental Improvement: Theory and Practice,
Baltimore: Johns Hopkins University Press, 1979.

AT

Prepared Testimony :-

1. U.S5. House of Representatives, Committee on Ways and Means,
Tax Recommendations of the President--the Lead Tax, September

16,

1970

2. U.S,. Senate, Committee on Interior and Insular Affairs,
Trans-Alaskan Pipeline, May 3, 1973

3. U.S. House of Representatives, Committee on Interior and
Insular Affairs, Subcommittee on Public Lands, Trans-Alaskan

Pipeline, May 17, 1973

4. U.S. Senate, Committee on Public Works, Water Resources
Subcommittee, Benefit-Cost Analysis, June 27, 1974
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PHILIP C. HASTINGS

EDUCATION:

EXPERIENCE:

BSEE, 1970, Northeastéern University (Cum Laude)
MSEE, 1971, Northeastern Unjverstiy

Since 1975, Mr. Hast1ngs has been respons1b1e
for all corporate research activities at Central
Maine Power Company, His areas of involvement
include energy conservatjon and load management,
co-generation solar, wood, wind, and hydro as
well as nuclear and coal. Efforts in these
areas include technical and economic assessment,
supervision of research activities, and
evaluation of impact on future energy supp]y!

From 1971 to 1975, Mr Hastings served as a
planning engineer w1th particular responsibility
for generation planning. His activities included
development of Tong range generation expansion .
plans, review of short range capacity alternatives
and development and assessment of economic tools
for evaluation of energy supply alternatives,

Mr. Hastings is a registered professional engineer
and a member of several energy related groups
including: the New England Solar Energy Association,
the Solar Energy Industries Association, the '
American Wind Energy Association, the Regional
Resources Committee of the Northeast Solar Energy
Center, the Research Task Force of the Electric
Council of New England and the Load Managerment

Working Group of the New England Power Pool.
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Lawrence G. Hines
Biography
Born: October 31, 1915; married. one child.

A.B., University of Kansas. 1938; A.M., University of Minnesota, 1942;
Ph.D., University of Minnesota, 1947

Reqular Employment

Instructor and Assistant Professor, University of Minnesota, 1942-46;
Air Intelligence Specialist, Office of Naval Intelligence assigned to
Joint Army-Navy Intelligence Division, Washington, D.C. 1946-47;
Assistant Professor, Dartmouth College, 1947-52: Professor, Dartmouth,

1952- ; 1960-63. Chairman of the Division of the Social Sciences;
1963-65, Chairman of the Department of Economics; Associate Chairman, 1978-.

Consulting Employment

Water Pollution Control Division, U.S. Public Health Service, H.E.W.
Department, Washington, D.C., 1956-63. Economic consultant for the
Water Pollution Control Division involved various tasks including serving
on the staff and Subcommittee on Evaluation Standards in the revision

of the Report to the Interagency Committee on Water Resources, Proposed
Practices for Economic Analysis of River Basin_Projects ("Green Book
revision, May 1958), and Project Officer for two research contracts with
the University of Chicago and Stanford University for the development of
techniques of benefit-cost analysis appropriate for use in evaluating
water pollution control projects.

0ffice of Econom1cs, Department of Transportation, Washington, D.C.
1967-68.

Institute of Public Adm1n1strat1on. New York, in water research 1970-72;
Department of the Interior, Washington, D.C., 1974.
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BibTiography

"Price Determination in the Lake Er1e Iron Ore Marker." Amer1can Econom1c
Review, September 1951. .

"An Extra-Market Problem in Resource Al]ocat1on," Land Econom1cs,
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"The Economics of Idle Resources," Journa] of 5011 and Nater Conservat1on,
January 1952.

Economics: An Introductory Analysis of the Level, Cbmoosition'and Dis-=
tribution of EConomic Inc0me'(New York: Knopf“1952‘ with B.W, Knight).

"Resources for Freedom," Journal of Soil and Water Conservat1on, September
1953, |

"Economics and the Public Interest," Land Economics, May 1955.

"A Re-examination of the Concept of "Nonuse" in Conservation," Transactions -
of the Conference on Natural Resources and Human Needs (Washington, D.C. ’
1955),

“The Use of Natural Resource Expenditures to Promote Growth and Stability -
in the American Economy," Federal Expenditure Policy for Economic
Growth and Stab111ty (Washington: 85th Congress, lst Session,
November 5. 1957).

"The Nature of Economic and Social Cost and Benefit," Transactions of
International Union of Conservation (Athens, Greece, 1958).

“Research in Water Economics," Economics of California's Water Deve]opment
(Berkeley: Committee on Research 1n Water Resources, 1958) '

"The Need for Public Interest Criteria 1n deeral Expenditure Policy,"
Probiems of United States Economic Deve]opment (New York: Committee’
for Economic Development 1958; Vol. 2).

“A Note on the Measurement of Recreational Benefits," Land Econ0m1cs,
November 1958.

"The Hazards of Benefit-Cost Analysis as a Guide to Public Ihvestment
Policy." Public Finance/Finances Publiques, Yol. 17. No. 2, 1962,

"The Measurement of the Benefits of Public Investment in National Parks,"
Proceedings of University of Calgary Conference, October 12, 1968.

"The Long-Run Cost Function of Water Production for Selected Wisconsin
Communities," Land Economics, February 1969.
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RESUME OF NORMAND LAURENT LABERGE

Address: P.0. Box 151.
Eastport, Maine 04631

Telephone: {207} 853-2790
Date of Birth: October 4, 1946

Place of Birth: Lewiston, Maine

Education
Ph.D. - Materials Science (Minor-Physics), Catholic University
of America, Dept. of Chemical Engineering and Materials

Science, Washington, D.C.
M.S.E. - Solid Mechanics, Catholic University, Mechanics Department

B.C.E. - Civil Engineering, Catholic University. Dept, of Civil
Engineering.

Dissertation
Topic, “Study of the Mechanics of Stress Relaxation in Vitreous Systems"

Experience & Background
\\\ 1. Laboratory Research Assistant; emp]oyed while a graduate student in
Mechanics Dept. and later in the Materials Science Dept.
Ultrasonic measurements and stress relaxation studies were later added in
conjunction with work required for my dissertation research.

2. Post-Doctoral Research Associate - Vitreous State Lab, Catholic
University. Responsible for the preparation of High-grade glass fibers for
use in long-range transmission Tines. ,

3. Director of Passamaquoddy Tribe's Energy Office, Pleasant Point
Reservation, Perry, Maine. Specific areas of responsibility:

- preparation of an appraisal report dealihq with the construction
of a demonstration tidal power plant,

- design of a research facility with solar and wind elements -
incorporated into its structure,

- submittal of proposals for proiect funding,

- investigation of tidal power research topics.

This work involved Federal, State, and private industry interaction; staff
supervision; proiect implementation: and data collection and analysis.
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Resume of Normand Laurent Laberge

(cont'd)

PUBLICATIONS

1.

2.

3.

"Inadequacies of Viscosity Theories for a Vitreous Alkali-Nitrate Melt".
H. Tweer, N. Laberge, P.B. Macedo, Journal of American Ceramic Society,
54 (2), 121-123,

ngrress and Strain Relaxation in Two Soda-Lime-Silicate Glasses”,
N. Laberge, P.B. Macedo, G.L. Madan, and C.J. Montrose, Paper
presented at the American Ceramic Society meeting, Chicago, 1972.

nyltrasonic Study of High Frequency Velocity in Silicate Glasses",
N. Laberge, C. Montrose, V. Vasilescu, P.B. Macedo. Paper presented
at the American Ceramic Society Meeting, Washington, D.C.

"Equilibrium Compressibilities and Density Fluctuations in K;0-5i0;
Glasses", N. Laberge, P.K. Gupta, V. Vasilescu, P.B. Macedo, Journal
of Non-Crystalline Solids (1975) :

"pDecay Function for the Electric Field Relaxation in Vitreous Ionic
Conductors”, C.T. Moynihan, L. Boesch, N. Laberge. Physics and
Chemistry of Glasses, Vol. 14, 6 (Dec. 1973), p9. 122-125.

ngeattering Losses in Binary Borate Glasses", N.Laberge, P.K. Gupta,
V. Vasilescu, P.B. Macedo, Journal of Non-Crystalline Solids, 13
(1973.1974), 164-72.

REPORTS

1.

2.

3.

Technical Reports:

No.
No.
No.
No.
No.
No.
No.

- Computer Algorithm for Tidal Power Calculations

- Tidal Plant Simulation for nalf-Moon Cove

- Continuous Enerqgy Production from Linked Basins

Economic Analysis of Tidal Power Plants in Cobscook Bay

- Environmental Effects of Tidal Power Plants

- Power Markets: Interaction with Tidal Power Plants

- Research and Development Objectives: Half-Moon Cove Tidal
Projects

SO D W
1

Discussion Papers

No. 1 - Intervational Two-Pool Tidzl Power Project: Review and
Analysis

N6~ 2 - Economic Analyses of Half-Moon Cove Tidal Projects

No. 3 - Small vs. Large Tidal Power Plants

No. 5 - Computer Simulation Study: Assessment of Performance
Criteria

Life Cycle Cost Analysis: Half-Moon Cove Tidal Project /
Research Reports:

No. 2 - Life Cycle Econamic Justification for Tidal Power Plants

No. 3 - Tidal Power Integration into the Regional Electrical |

Network: Supply and Demand -
No. 4 - Research and Development Benefits of Demonstration Project
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WILLIAM D." SHIPMAN

Bowdoin College
Department of Economics
Brunswick, Maine 04011

Positions;

Inst., Ass't., Assoc.. Professor, Bowdoin College 1957- ; Chairman 1967-;
Adams-Catlin Professor of Economics 1969- '

Investment Analyst, Brown Brothers Harriman & Co., New York, New York
1053-1957

Price Economist, U.S. Office of Price Stabilization, Seattle, Washington
1951-1952

Academic Background: '
Ph.D. Columbia University, 1960 (in residence 1953-1957)
M.A.  Univ. of California (Berkeley), 1950 '
A.B. Univ. of Washington, 1949 '

Research:

An Inquiry into the High Cost of Electricity in New England, Wesleyan
University Press, 1962

"Some Economic Implications of Nuclear Power Generation in Large Central
Stations," Land Economics, February 1964 - ’

"Alternative Proposals for Electric Power Development in Maine," Research
report prepared for and published bv the Federal Reserve Bank of Boston, 1964

"The Impact of Nuclear Power in New England.” dournal_of Industrial
Economics, November 1965

Road-Rail Competition and British Transport Policy, unpublished monograph,
Dept. of Applied Economics Library, Cambridge, England 1967

"Rail Passenger Subsidies and Benefit-Cost Considerations." Journal of
Transport Economics and Policy, January 1971

An_Energy Policy for the State of Maine, (with Carl E. Veazie),
Bowdoin Public Affairs Research Center, 1973

Personal: B
Born 1925-in-Glen Ellyn. I11inois. Attended primary and secondary schools
in that town

Married 1955 . , . . . two children

(Other:
Brookings Research Professorship, 1962-1963 {(nuciear power )

Visitor to University of Cambridge, Department of Applied Economics
1966-1967 (British transport)

Chairman, Brunswick Planning Board 1961-1963

Trustee, Brunswick Savings Institution 1965-1977
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William D. Shigman
Resume (cont'd

Sometime chairman of various college committees including curriculum.
admissions, and advanced study

i

\

Other:
Consultant, New England Regional Commission 1968-

- Consultant, Maine Public Utilities Commission 1975-

Member, Governor's Task Force on Energy and Heavy Industry on the Maine
- Coast, 1972

Member, Governor's Study Cosmittee on Dickev-Lincoln Project 1977




BOWDOIN COLLEGE

DEPARTMENT OF ECONOMICS . " BRUNSWICK, MAINE 04011

January 28, 1980

Dr. Normand Laberge _

Half Moon Cove Tidal Power Project
P.O. Box 203

Eastport, Maine 04631

Dear Normand:

I told you at the Portland meeting on November 27 that I had
some reservations about your analysis of relative price shifts.
1 apologize for not getting back to you sooner, but I've been
pressed to finish a couple of other projects. I've just been
going over your paper, and I believe that your treatment of
"fixed charges" in Appendix I is in error.

For the moment, let me focus on the stream of costs associated
with the construction of a tidal project.

Let Co = construction costs

Clt = operation, maintenance, and replacement
costs incurred in year t -- assuming no
inflation

C = "fixed charge” in year t -- assuming no
2t . .
inflation :

r = real rate of return -- the discount rate
used for benefit cost analysis -- assuming
no inflation -

i = annual inflation rate -- constant

d = discount rate incorporating inflationary
premiums

=r + i+ sl

.The project has a life of T years. Assuming no -inflation, Co
and Cj, are actual costs incurred on the dates given by the sub-
scripts. For simplicity, assume that Cj¢ is the same for all t.
The present value of this stream of costs is:

(1) T ¢, : : !
pv. = G + fz C;-H-)r
=1
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Dr. Normand Laberge
January 28, 1980
Page Two

It is sometimes convenlent to compute the annual equivalent (AE)
of this stream as follows:

-
: r)

(3) AEc. = Ep t e

of course, we must have. .o T

. £ Lrr il
) PV, = Z Z*;t = tZ, cm-)"’ * Citr)

It is this consistency requ;rement whlch is violated by the way
you handle the inflation factor with C2t as an equivalent to Co.

Let there now be inflation. It affects only the Cip of (l). We
could compute,
C;]‘; C’fﬁ)

7
an PV s ¢, v £ B
2 Clr CI""-} t’
= Cp 4 Crer)eCa+t)”
and we get the standard result that PV'c = Pvc,In (A.7) of Appendix

¢+ YOu propose to compute a sequence of annual costs incorporating
inflation as follows.

C, C/-fi) = [c,_t+ Cit/(,fi)ltj(/+z)f

For this to be correct ang con51stent with the underlying true cost
stream, we must have.

. Ce (1ei) " V.
) Pvc. = Z C,.“g‘)t:w - /J =
But substituting (5) into {6) glves.,-

. ¢
" (7) 7 Cy (ree)” [C.c CHiJg("‘“‘)
2 e 2

CHf')tC—’H‘) CHrJt(.“":)t
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Dr. Normand Laberge
January 28, 1980
Page Three

As you can see PV." < PV.. Equation (6}'holds only if you apply
the inflation factor (1 + i)t to the fixed charge component of
annual equivalent costs. The same line of reasoning applies to
your analysis of benefits and your equations in Appendix II.
-I'd appreciate your'reaction to these comments.

Sincerely yours,

1A Fosses

A. Myrick Freeman III

Professor of Economics

cc: Prof. Arthur Johnson
Dr. John Joseph ///
Colonel Max. B. Scheider
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February 19, 1980

Dr. A. Myrick Freemhn III
Bowdoin ‘College
:Department .of ‘Economics
Brunswick, Maine

Dear Dr. Myrick;

Thank you for :taking the time to respond to the paper that I 'pre-
sented at th31relative:priceishift.analysis4conference?held:on?NOvember
27. i,have;prepared:aenumber|of.comments‘in;defense=of:my;methodology
and ‘have :also presented further Justification for the approach outlined
An my report. ‘

‘Before proceeding with .a discussion of the present value formulatioen,
I would 1ike to point out that‘the‘primary;ﬁhrust:of:mylpaper;was aimed
at the relative pprice shift analysis performed by'theeConps.of‘Engineers
for tthe Cobscook Bay tidal power project. ﬁ.contended that theilr analysis
assumed the absenceiof‘inflation‘mhich;drgﬁtically‘affected3the‘resu1ts.
In this case, the inclusion of a‘realisticginflation:rate€wouldshaverprp-
duced a more favorable wiew .of the ?ong-teiﬁﬁbenefitszof tidal ;power.

1 will use the same motation that appears in yyour letter of January
28. ‘For the case of no inflation, we then ‘have;

PN = E’i ( E‘o C"’t/(t\ﬂt-)t) ‘ (1)

;Similarly,uwithzinflation;_

Nt RN ¢
Py = é (2 Capii) )
= Qed)t
You assumed that C;, is the same for all t, which is also true for Cy,
by definition for this example. ‘Therefore;

2 : Nk
PN = ‘52f(15t7 <) kfjky’ e (3
¢S t=0 C1+DEATR) ) (3
By observation, PV&"= PVC", My presentation assumed thsat during the
first year of operation (€ = 0) we would have;

C .
_2"C—3c> = Go+'GO )
=

However, in order to incorporate the effect of inflation, I then .used the
following equation;

+ _

2%t =Gt * Cer /G435t (5)

W=
By .comparison, eqn.5 does not agree with eqn.3; i.e., t-dependence of
|Cjt:expreesed in eqn.5 is outeide the time summation. By substituting
eqn.5 into eqn.2, we arrive at your "eqn.5" which proves that PV, "#PV "
for the case presented in my paper. I hope that this derivation adequately
summarizes your conclusion,
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In order that Pvc' a PVc“, we can then say that;

PV < 2(-?::3% ‘ (6-2)

I : \E
o T cauil | T el i}
-t;o(HMFE\H)E_‘_-Em (5L (H-L\t (6-b)
- < Cet .
—53 Thoot *EU Tion© (6-e)

where C;. and C,./are expressed in terms of first year of operation dollars
(t=0). “However, Bqn.(6-b) should theoretically give the same results for
current dollars. But €3¢ remains constant during the project's economic
lifetime and is therefore not affected by the rate of inflaticn. I pose
two questions;

1. Is the generalized eqn.(6-a) capable of seperating two
discount rates - an inflation controlled rate and a
time determined discount rate ?_ -

(2, o)t )= (Eoc‘?*/(w@"t) :

2. Is the equation, PV.' = PV ", a necessary requirement
for the calculation of an underlying true cost stream ?

In my opinion, the problem or contradiction lies in the general definition
of the present value. By factoring out the effect of inflation with the
conditon that PV.' = PV.", we are not analyzing the impact that inflation
would have on a project such as a tidal powver plant which is highly capital
intensive and not dependent on a market-controlled fuel source. In summary,
the requirement that PVc' = PV." places a restriction on the methodology
that mathematically ignores 1n§1ation. Present value should compare the
value of a tidal project with respect to discount rates that would be in
effect during a certain year; i.e., Coe/(14d) E.

1f the present value calculations are formulated in a manner which ex-
cludes the consideration of inflation, what method should then be used to
properly illustrate the impacts of inflation. Life cycle cost analysis and
relative price shift analysis provide methods to understand the impacts of
inflation on project economics. However, according to my paper relative
shift analysis has to etate an inflation rate in order to properly interpret
the results,

The simplified model used in my calculation of s time-dependent benefit-
to-cost ratio was based on the equations that appear ot page 13 (Section B)
of my paper. Two cquationg are specified - before plant operation (case 1)
and post-construction conditions (case 2). Consider the post~construction
equation for the B-C ratio. In this case, the inflation term, 1/(1+1)1, does
pot cancel out due to the presence of two fized charge components, Bz and C3.
The following equation was used for the calculation of the BC ration;

= B| * EEEL.- L .
(BCR), % G+f) *IHI)ﬁEB) (x> )
¢, +Cp . (=)
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where, By and C; were expressed in terms of the construction period costs
and 1 was the index prepresenting the number of years after the completion
of construction. Obviously, the results would be much different for the
case of inflation as compared to a zero rate of inflation. This formulation,
in my opinion, properly considers the effects of inflation and fuel cost es-
calation in a manner which realistically portrays the expected deficits/benefits
of a tidal power project when compared toranother form of production. It
also describes the behavior in a more easily comprehendable way.

It might be beneficial to discuss these differences at a blackboard in-

stead of through the mail. I would appreciate your comments.

Sincerely,

q%mmm&"ﬁ_@g@,

Normand Laberge

ec: Prof. Arthur Johnson
Dr. John Joseph
Colonel Max. B. Scheider
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BOWDOIN COLLEGE

DEPARTMENT OF ECONOMICS BRUNSWICK, MAINE 04011

March 3, 1980

Dr. Normand Laberge

Half Moon Cove Tidal Power Project
P.O. Box 203

Eastport, Maine 04631

Dear Normand:

Thank you for your response to my letter. Your question #2
on the second page gets to the heart of the matter. Stripped
of all the algebra, the issue is whether the present values
of the cost streams computed in different ways must all be
equal (PV_ = Pvc' = PVc“). The answer is yes.

The point to remember is that what you call "Fixed charges"

or Cy, does not represent an acutal outlay, but rather is an
accounting artifact, an annual equivalent to the true capital
outlay in period t = 0. The fixed charge must be computed in
a manner consistent with the other assumptions of the analysis,
that is, so that the present values of the accounting cost
stream [ﬁquatiOn (4) and (6) of my letter] are equal to the’
present values of_the truge cost streams “quations (1) and

(1') of my letter].

I believe that you computed the fixed chanrge Cat using the
real rate of return according to:

Y 3
(@) Cz.t ¢ rCi+ r

o Clir)l-1
This is consistent with my Equation (4) in the no inflation case.
wWwith inflation, the present value of the true cost stream is:

(1 - Cie (147
Pvc, = Co + ; -—Cl-}d)b

{ Qitélfl:,)t
= Cp r C1er)EC L)
=i

T
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Dr. Normand Laberge - . :

March 3, 1980 -~
Page Two

wr

If instead you use the fixed charge, i.e., the annual equivalent
of C, computed according to (a) to represent the cost stream, .
its pré@nt value (PV,") must equal the present value of the true
cost stream (PVg°’). This requires that you represent the cost
gtream as:

v T - - .b- r "~ T
(b) & (iri) = C wred)” Cu_-c 1t€) 4-
rather than as you did it:

Lot L .
@  Cel1#d)t = Crelt)7t Cac

The present value of the accounting stream of annual costs (b)

is: PV& M ; g GCLt "‘Cz.t)cl'"“").t

1o CierJEita)”®

+
_Z e i)
C:r;(““)t‘ + Crt Cl"t

e )
+=7 €N z-z--.)" Ci+r) (_H-c)

which is equal to Equatlon (1') above since

2 S o

1 (rH)*

Alternatively, if you had calculated the fixed charge using the
nominal interest rate 4, then your approach to treating inflation
would be correct.

@ &, =c 40+4)"

Cred)T1

el

and Ce Cf“') [C_u:"' 2¢ /Chw)](“u)

, Lt A
= Cae( 1)+ Cax

. TN
prel PV = 2 lCrHJL)E 2 CH'L)'-
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Dr. Normand Laberge

March 3, 1980
Page Three

This is because according to (d), the second term above is equal
to C_. .
o

I hope that this clarifies the situation. If you have plans to
be in the Portland area, let me know; and perhaps we can plan
to get together. .

Sincerely yours,

A. Myrick greeman III

Professor of Economics
cc: Prof. Arthur Johnson

Dr. John Joseph u//
Colonel Max. B. Scheider
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Department of Economics

' : ~ P.0. Box 151.
: . Bastport, Maine

March 15, 1980

Dr. A. Myrick Freeman TIT
Bowdoin College ‘ _ 2

Brunswick, Maine

Dear Myrick:

Your last letter was very useful in pinpointing the
differences between the approaches used in the calculation
of present value. Exhibit "A" lists the various equations
referenced in your letter and in my paper. The, critical
expression is the one which calculates Cp¢ and Ty based on
the formulation of Ci(1+i)¥. - I agree with this representa-
tion, but it still doesn't adeguately reflect the impact of
inflation, a topic which will be discussed later.

I then used the eguations. from Exhbit "A" to prepare
Table 1. Several comments are appropriate from this analy-
sis, namely: : .

- sum of Czt/(l+r)t and 6§t/(l+d)t both equal Cg which
agrees with the reguirements imposed by eqns. 7 {ex.A)

"82t is not equal to C§ which results in a higher total

payment for the so-ca Eed Laberge versus Freeman approach;
i.e., 1.639 Cqy vs. 1.490 Cy over the theoretical ten year
period :

A _ _

- behavior of Cp¢/(l+r)t versus time and C,./(1+d)t versus
time are quite different (Figure 1) even though the res-
pective sums are egual to unity

- Figure 1 illustrates a different dynamic behavior indi-
cative of an underlying difference in the development of
a simplified economic model

In order to understand the differences, it might help to ask

the following guestion =--- Should the annual fixed cost be

equal to 0.1490 C, or 0.163%9 Cy ? Also, should the differences
mentioned above be considered as importantconcerns ? These a.
points will be addressed later. W,

R S

Table 2 was prepared in a similar way except for the in-
clusion of a different inflation rate during the second year. M
The equations listed in Exhibit "A" were followed in their true
mathematical sense. In this, the observations are noted below:
‘ Lexwvwpe

= the Preeman method, so-called, remains the same even with

the higher rate of inflation after the first year since

Cat is calculated on the basis of the conditions stated
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With regards to Table 2, it was assumed. that the term
‘GZt/(l+d) was calculated w1th the following dependence;

o/ (1 + a(eNt .-

-— e b

where the discount rate, 4(t), was re-evaluated for each res-
pective year in accordance with eguation 9 (exhibit "a"). P
Therefore, with a new inflation rate for the second year a
different discount rate was calculated for this example. This
change caused the following result;

26/l +aente 1

which contradicts the hypothesis. What does this result ac-
tually infer with regards to the calculation of present value ?
In my opinion, it does represent a realistic situation under a
process which might be called "relative inflation behavior”.
Assuming that the term "present value" reflects the value of an
investment made x number of years earlier, it then seems logical
to assume that a higher inflation rate will decrease the present
value of that investiment in year "x" reflected by a correspond-
ingly decreased value for the dlscount rate; i.e., d(t).

The so-called Laberge methodology was derived on the 1ntu1-
tive basis that: !

A
Ce(l + D)% = (1 + i)t + Ty

This expression says that the fixed charge component is independent
of inflation as stated in current dollars. In my opinion, this
formula is correct since it represents ©,, as a cost established

by the conditions that exists during the %irst year and which will
remain constant throughout the project's economic lifetime.

I would like to once again express my main thesis which only
perlpherally relates to the topic of present value. The benefit-
to-cost ratiomnr calculated as a function of time represents the
actual conditions observed in gractlce without the inclusion of
the factors {1+r)~%t and (1+d)~ Page 13 of my paper lists the
equations used for this analysis. The major conclusion of that
paper noted that the relative price shift analysis performed by
the Corps of Engineers assumed an inflation rate of ZERO which
should have been clearly stated at the beginning of their report.

I feel it would be extremely useful to meet in person to discuss \
this and other topics. It seems more likely that I would be passing —_
through Brunswick instead of you going through Eastport, I will make =
the effort to arrange a meeting whenever time and conditions permit.

Sincer 1

Normand Laber g

cc: Prof. Arthur Johnson
- Colonel Max. B. Scheider
Dr. Jobp Josoph
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during the first year

-~ the so-called Laberge method indicates a change due to
the calculation of a different value for "d" for each
succeeding year

- Figure 1 illustrates this difference in the dynamic
behavior for the analysis performed in Table 2

- in this case, the sum of th/(1+d)t does not equal Cgp
which violates the requirement that PVg' = PVp"

The Freeman and Laberge results for this example are quite dif-
ferent both in terms of cgpulative figures and yearly totals.
The fact that the sum of Czt/(1+d)t is not equal to Cp brings
out an additional question on how the present value calculations
should be interpreted under the conditions assumed for Table 2.

After having the background information for my methodology,
I am now prepared to make a case for its correctness. The first

. point refers to the selection of the various discount rates.

The Corps of Engineers in their report assumed the cost of money

at 6.875 % for the tidal project and 10.50 % for combined cycle
plant. .The selection of these rates must represent economic con-
ditions during that year which necessarily assumes a certain in-
flation rate *, The calculations noted in Table 1 were performed
for a B % rate of return, 2 % inflation rate, and a 10.16 % dis-
count rate. Obviously, the selection of a discount rate of 10.16 %
per vear intrinsically assumed an inflation rate of 2 %/year.

The so-~called Freeman method doesn't seem to differentiate between
the cases of no inflation (PC'} and inflation (PC") since the
results are the same regardless of the rate of inflation. But on
the other hand, the so-called Laberge method will produce different
results if the discount rate varies during the period of interest
(see Table 2). In summary, the discount rate is functionally de-
pendent on inflation, whereas, the rate of return is assumed to

be independent of inflation for these calculations.

Since Cp¢ is not equal to ezt, what should be the annual fixed
cost (or accounting artifact) for the project's financing ? The
selection of Ch{ seems to be the most logicdl choice for this dis-
cussion since it does represent the true dost of financing a pro-
ject. By factoring out inflation in the calculation of present
value, the expression for Cyy then becomes meaningless in terms of
representing the actual expenses for this theoretical example. The
calculgkion of €2t is still restricted by the condition that the
sum of Cr¢/(1+d)t is equal to Cg, but it does give a different time
dependent behavior (see Figure 1l). The behavior for‘agt/(l+d)t
versus time would be different if other values had been used for
*r* and "i" and also for "T". No attempt was made at developing a
normalized expression. ' '

* the different discount rates is probably due to the different
risk factor involved between private and public financing
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YEAR® | r

'FREEMAN

|
OV UNAWN

d ' Coh.”

10.16 . .1490 C

0

1.43500 C,

Cop/(1+x) ©

.1380 Cy
.1278
.1183
.1095
.1014
.0939
.0870
.0805
.0746
.0690

1.0009 Co

{%t/(l+d)t

LABERGE

— : '
ovo~ToalnbawhoH-

NOTE: IF 1?0, THEN THE TWO RESULTS ARE IDENTICAL; HOWEVER, WITH
INFLATION THE BEHAVIOR OF THE TWO FUNCITONS ARE DIFFERENT

(SEE FIGURE 1}

10.16

.1639 ¢,

T.6390 Cg

165 . -

.1488 Co

.1350
.1226 -
.1113
.1010
.0917
.0832
.0756
.0686
.0622

1.0000 C,



TABLE 2

.
&

YEAR a . . Cy - Cop/(14m) ¢ .
FREEMAN
1 10.16 .1490 C, .1380 ¢,
2 12.32 .1490 co ' | .1278 Cg
3 -{ .1183 cq
4 .1095 Cg
5 .1014 Cp
6 . 0939 Co
vi .0870 Cp
8 .0805 Cg
9 .0736 Cg
10 .0690 Cg
YEAR 4 Ca¢ Cae/(1+a) b
LABERGE
1 10.16 - .1639 Cq .1488 Cq
2 12.32 1639 Cg .1324 Cp
3 .1179 ¢p
4 .1050 Co
6 .0832 Cq
7 .0741 ¢,
8 .0660 C,
9 .0587 Cy
10 .0523 Cg
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